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LOI CAM DOAN
T6i cam doan day 1a cong trinh nghién ctru cua riéng t6i. Cac két qua dugc viét
chung véi cac tac gia khac déu duoc sy dong ¥ ciia dong tac gia trude khi dua vao
luan 4n. Céac két qua néu trong ludn an 13 trung thyc va chua ting duoc cong bd
trong cac cong trinh nao khac.

Tac gia

D6 Thi Lién



LOI CAM ON

Trong qué trinh thuc hién dé tai “Phat trién mot sé phuong phap xay dung hé
tu vin”, t6i d3 nhan duoc rt nhiéu su gitp do, tao diéu kién cua tap thé giao vién
huéng dan, nha trudng, dong nghiép, cac nha khoa hoc va gia dinh. Tdi xin bay t6
1ong cam on chan thanh vé sy gitp d& do.

Trudc tién, toi xin bay té long biét on sdu sic toi tap thé gido vién hudng dan
GS.TS Tur Minh Phuong va TS Nguyén Duy Phuong - nhitng ngudi Thay tryuc tiép
hudng dan va chi bao cho toi hoan thanh ludn an nay. Cam on hai Thay rat nhiéu vi

su huong dan tan tinh, nghiém tac va khoa hoc.

T61 xin tran trong cam on Ho1 déng Khoa hoc, HoO1 déng Tién s¥, Khoa Qubc
té va Pao tao sau dai hoc ciia Hoc vién Cong nghé Buu chinh Vién thong da tao
diéu kién thuan loi cho t6i dugc thuc hién va hoan thanh chuong trinh nghién ctru
cua minh.

T61 xin cam on tap thé Lanh dao, can bo, giang vién khoa Cong nghé thong
tin, khoa Pa phuong tién - Hoc vién Cong nghé Buu chinh Vién thong di co vil
d6ng vién t6i trong sudt qué trinh nghién ctru.

T6i cam on tat ca nhitng nguoi ban cua t6i, nhitng nguoi ludn chia sé, ¢6 vil
t6i trong lac kho khin va t6i luon ghi nhé diéu do.

Cubi cung, toi xin bay to 1ong biét on chan thanh dbi vé6i gia dinh dd ludn

dong vién, ung ho, co vii va tao moi dicu kién giup do toi.
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MO PAU
1. Tinh cép thiét ciia luin 4n

Véi sy gia ting nhanh chong cia thong tin trén Web thi cin thiét phai c6 cong
cu gitp nguoi dung lua chon cic théng tin truc tuyén phu hop véi minh. Thong
thudng khi can tim thong tin vé mot san pham nao do6, giai phap duoc hau hét nguoi
dung sir dung 13 dua cau héi vao mdy tim kiém (Search engine) thay vi tim dén
nhiing trang Web hoic dién dan chuyén nganh. My tim kiém tién hanh tim kiém
thong tin duwa trén cac tir khoa (Keyword) duoc ngudi ding gd vao va tra vé mot
danh muc cua cac trang Web c¢6 chtra tir khéa ma né tim dugce. Do vay viéc st dung
may tim kiém s& hiéu qua khi nguoi dung biét ho thuc sy muén tim cai gi. Trong
truong hop khi ngudi dung khong xac dinh dugc chinh x4c cai minh mudn tim thi
yéu cau vé loc thong tin mot cach ¢ hiéu qua va tin cdy 1a rat can thiét. Pé dap ung
nhu cu nay, cac hé théng tu van d3 ra doi, vi du mét s6 hé tu van di duoc thuong
mai hoa va trién khai thanh cong, tiéu biéu 1a hé tu vén cta cac hang Amazon,

eBay, Netflix, Youtube ...

Hé tu van (Recommender System) dugc xem nhu mot hé théng loc tich cuc,
¢6 chirc niang hd trg dua ra quyét dinh, nham muc dich cung cip cho nguoi st dung
nhiing goi ¥ vé thong tin, san pham va dich vu phi hop nhat voi yéu cau va sé thich
riéng ciia timg ngudi tai timg tinh hudng (ngit canh). Cu thé, hé tu van cung cip
mot giai phap giam tai théng tin bang cach dua ra du doan danh gia muc do thich
clia nguodi dung v6i san phdm méi va cung cip mot danh sach ngin cac san pham
(trang web, ban tin, phim, video...) ma nhiéu kha ning nguoi ding s& quan tim [1].
Trén thuc té, hé tu van khong chi huong dén van dé gidm tai thong tin cho mdi
ngudi diing ma nd con 1a yéu té quyét dinh dén thanh cong ctia cac hé thong thuong
mai dién tur [1][2].

Heé tu van dang ngay cang try thanh mot linh vyc nghién ctru quan trong tir sau
khi xuat hién bai bao dau tién vé loc cong tac vio giita nhitng nam 90 [3]. Pa co rat

nhi€u cong viéc dugc thuc hién ca trong nganh cong nghi¢p va nghién ctru han lam


https://vi.wikipedia.org/wiki/World_Wide_Web

dé phat trién cac hé tu van trong hon thip ky qua. V& co ban hé tu vin duogc chia
thanh hai hudng tiép can chinh [4][5] tiy thudc vao cach khai thac cac thong tin dau
vao khac nhau phuc vu cho muc dich tu van, do6 la: 1) Hé tu vAn voi cach tiép can
truyén thong; 2) Hé tur van mo rong cach tiép can truyén thong. Trong do, cach tiép
can truyén théng sir dung mét trong ba phuwong phép loc tin chinh (Loc céng tdc, loc
theo ndi dung VA loc két hop) |1én ba loai thong tin dau vao phd bién (Théng tin
ngudi ding, thong tin san pham va phan hdi cia nguoi dung vé san pham). Céch
tiép can mo rong dé cap o day duogc biét dén v6i mot sb huong nhu: HE tu van theo
ngir canh (Context-aware Recommender Systems) [6][7], hé tu van dua trén mang
xa hoi (Social-based Recommender Systems) [8], hé tu van dua trén mbi quan tim
(Attention-based Recommender Systems) [9] hodc phat trién cac phwong phap loc
két hop. Theo do, bén canh cac loai thong tin dién hinh cta hé tu van theo cach
truyén thong, cach tiép can mé rong ndy cho phép tich hop thém da dang cac nguén
thong tin dau vao (Thdng tin ngit canh, lién két tir mang x3 hoi, mdi quan tam ...)

nham cai thién chat luong cua hé tu van thuc té.

Trong qua trinh nghién ciru va ung dung, mic du da c6 nhiéu nghién ctu dé
xudt duoc dua ra dé giai quyét bai toan tu van theo hai hudng tiép can trén
[1][4]1[5][10], tuy nhién mdt sb van dé mang tinh ddc thu ddi véi thong tin tu van
nhu van dé dir lidu thua, nguoi ding méi, san phdm méi, van dé s¢ thich thay doi
theo thoi gian, yéu cau két hop cac dang thong tin khac nhau, lam viéc vé6i dir lidu
kich thuéc 16n duoc cap nhat thuong xuyén. .. ludn 1a nhitng van dé c6 tinh thoi sy
va thu hut dugc sy quan tim ciia cong dong trong viéc nghién ciru va trién khai vao
thuc té.

Dé tai “Phdt trién mét sé phwong phdp xdy dwng hé tw van” duoc thuc hién
trong khuon kho luan 4n tién si chuyén nganh hé théng thong tin nham gép phan
giai quyét mot sd van dé con ton tai trong qua trinh xay dung hé tu van, d6 14 vin dé

dit liéu thua va két hop mot sb dang thong tin khac nhau vao qua trinh tu van.

2. Muc tiéu cia luan an



Muc tiéu cta luan 4n 13 nghién ciru phat trién mot sé phuwong phap xay dung
hé tu van. Dic biét, nghién ctru tdp trung vao viéc nang cao dg chinh xac cua két
qua dy doan san pham phu hop véi nguoi dung trong trudng hop dit liéu thua, ciing
nhu trong truong hop co ca dir liéu s& thich nguot dung, thong tin dac trung nguoi
ding, théng tin dic trung san phdm va théng tin ngit canh st dung san phim cua
ngudi dung. Ddng thdi, nghién ctru cling tap trung dé& xuit mot sé phuong phap tu

van don gian trong cai dit dé kha thi trién khai thuc té.

3. Cac dong gop cia luan 4n

Péng gop thir nhdt cia ludn an la dé xudt mét phwong phdp loc cong tac dwa
trén mé hinh do thi cho hé tw van theo ngit canh [C1][C3][C7][C4][J2]. Nhiing
dong gop cu thé cua luan 4n bao gom:

- Pé xuit d6 do twong tu gitra cac cip ngudi dung hoic giita cac cip san pham
cho loc cdng tac dua trén mo hinh do thi. o do tuong tu dé xuét cho phép
khai thac cac mdi quan hé truc tiép va bic cau giira cac dinh ngudi dung
hodc gilta cac dinh san pham trén d6 thi vao qua trinh du doan va tu vén,
diéu nay gitip han ché anh hudng cia van dé thua dir liéu dénh gia. Pay
chinh 1a wu diém ndi bat cta do do tuong tu dé xuét so vé6i cac do do tuong
tu dua vao bd nhd trude day trong viée giai quyét bai toan loc cong tac theo

b6 nhé cho hé tu van truyén thong.

- Phat huy nhiing diém manh cia d6 do tuong ty dé xuat néu trén bang viéc
mo rong pham vi ap dung nd cho phét trién hé tu van cong tac theo ngir
canh. Phuong phap loc cong tac theo ngit canh dé xuét ngoai viéc giai quyét
kha t6t van dé dir liéu thua, con cho phép tich hop day du thong tin ngit canh
vao qua trinh du doan san pham toi ngudi dung. Khi d6, cac san pham méi
tu van cho nguoi ding s& dugc ca nhan hoa tét hon theo timg ngit canh cu
thé. Phuong phap dé xudt duoc danh gia 1a don gian trong cai dat dé trién

khai cho cac hé tu van theo ngit canh thuc té.



- Két qua thyc nghiém va danh giad trén mot s6 bd dit liéu thuc cho thfiy

phuong phap dé xuat cai thién dang ké chét luong tu van.

Péng gép thir hai ciia ludn dn la dé xudt mot phieong phdp loc két hop bang
phirong phdp dong hudn luyén [C2][C5][C6][J1]. Nhitng dong gop cu thé cua luan

an bao gom:

- Pé xuat phuong phap loc cong tic bang phuong phap dong huan luyén.
Phuong phap loc cong tac dé xuit cho phép giai quyét van dé thua cua dir
liéu danh gia.

- Hop nhat biéu dién céc gia tri dic trung ndi dung vao loc cong tac. Viéc hop
nhat biéu dién nay duoc tiép can theo 2 co ché quan sat dit liéu: 1) Quan séat
theo nguoi dung cho phép hop nhat hd so nguoi ding cua loc ndi dung vao
ma tran danh gia; 2) Quan sét theo san phim cho phép hop nhét hd so san
pham cua loc ndi dung vao ma tran danh gia.

- Sur dung hop nhét biéu dién céac gia tri dic trung ndi dung vao loc cong tac dé
xay dung phuwong phap du doan cho loc két hop bing dong huin luyén.
Phuong phap loc két hop dé xuét phat trién tir phuong phéap loc cong tac
bang dong huan luyén cho phép giai quyét van dé dit liéu thua, dong thoi tich
hop day du théng tin ngudi dung, san pham va danh gia ciia ngudi dung véi
san pham vao qu4 trinh dy doan danh gia.

- Két qua thuc nghi€ém va danh gia trén cac bo dir liéu thuc vé phim cho théy

phuong phap dé xuat cai thién dang ké chat luong tu van.
4. B6 cuc caa luin an
Lu4n &n duoc t6 chire thanh ba chuong, trong d6 :

Chuwong 1. Tong quan vé hé tw vin

Noi dung chinh cta chuong trinh bay nhitng nghién ciru co ban vé hé tu van,

cac phuong phap tiép cin phd bién trong xiy dung hé tu vin kém theo nhitng vén



dé can tiép tuc nghién ctru va xu hudng. Trén co s& d6 xac dinh rd huéng nghién
clru cla dé tai.
Chuong 2. Phat trién phwong phap loc cong tac dua trén mo hinh do thi cho hé
tw van theo ngir canh

Trinh bay phuong phap han ché anh hudng van dé dir liéu thua cua loc cong
tac dua trén mé hinh dd thi, mo rong cho phat trién hé tu van cong tac theo ngir

canh. Noi dung trinh bay trong chuong dugc tong hop tir két qua nghién ctu da
cong bé trong [C1][C3][C7][C4][I2].

Chuong 3. Phat trién phwong phap loc két hop bang dong huin luyén

Trinh bay phuong phap két hop giita loc cong tac va loc ndi dung bang dong
huén luyén. Noi dung trinh bay trong chuong duoc tong hop tir két qua nghién ctu

dugc cong bd trong [C2][C5][C6][I1].

Cudi cung 1a mdt so két luan va hudng nghién ctru tiép theo.



CHUONG 1: TONG QUAN VE HE TU VAN

Muc tiéu chinh cua chwong nay trinh bay nhitng vin dé tong quan vé hé tu
van, cac phuong phéap tiép can phd bién trong xdy dung hé tu van, phan tich rd
nhimng han ché ton tai ciia mdi phuong phap va xu hudng phat trién hé tu van trong
nhitng nim gin ddy. Trén co s& nhitng nghién cru co ban, xac dinh rd hudng
nghién ctru cu thé cia dé tai. Nhiing két qua nghién ctru ciia dé tai s& dugc trinh bay

trong cac chuong ti€p theo cua ludn an.

1.1. Khai niém hé tuw vin

Hé tu van, tiéng anh 12 Recommender System hoic Recommendation System,
1a nhitng hé thong duoc thiét ké dé huéng ngudi dung dén nhitng dbi twong quan
tam, yéu thich, khi lugng thong tin qua 16n vuot qua kha ning xir Iy ctia ngudi dung
[1].

Theo Ricci va cong sy [7], hé tu van 1a nhitng cong cu phﬁn mém, k¥ thuat
cung cap dé xuét cac d6i tuong c6 thé hitu ich véi nguoi dung. Nhitng dé xuat lién
quan dén quyét dinh cta ngudi ding nhu: san phim nao nén mua, bai hat ndo nén

nghe, hay tin tirc nao nén doc...

Vi du giao dién h¢ tu van sach cia Amazon:

amazon.com Help | Close vindow

Recommended for You

K INSIDE! Inside Apple: How America's Most

-------- Admired--and Secretive--Company Rate this item
Really Works | Yy YLy

Our Price: $9.99
Used & new from $9.99

I ovn it

Not interested

(_See all buying options

Because you purchased...

me °  The Toyota Way : 14 Management Principles SRAPREASA S
WAY from the World's Greatest Manufacturer This was a gift
g (Kindle Edition) ) Dot use b

recommendations

Hinh 1.1. Giao dién hé tu vn sach cua Amazon



1.2. Cac linh vuc ing dung cia hé tw vin
Hién tai hé tu vin duoc ung dung rong rai trong nhiéu linh vuc khac nhau
[11], dién hinh nhu :

- Thuong mai dién ti: Goi y nhitng san pham hoic dich vy mua ban truc
tuyén. Vi du hé théng caa Amazon — amazon.com, Ebay — ebay.com.

- Gi4o duc: Goi y ngudn tai nguyén hoc tap nhu sach, bai bao, khoa hoc, dia
chi Web,... cho nguoi hoc. Vi du hé théng cua Foxtrot, InfoFinder.

- Giai tri: Goi y bai hat cho ngudi nghe (Vi du hé théng cua LastFM -
www.last.fm), goi y phim anh (Vi du hé théng caa Netflix, MovieLens,
EachMovie), goi y cac video clip (Vi du hé théng cua YouTube -
www.youtube.com).

- Du lich: Goi ¥ diém dén, hoat dong du lich. Vi du hé théng cua Dietorecs,
LifestyleFinder.

- Chiam soc stc khoe: Goi ¥ san pham y té. Vi du hé thong mang x& hoi strc
khoe — www.patientslikeme.com.

- Truyén thdng xa hoi: Goi y cac hoat dong xa hoi. Vi du hé théng cua
Facebook, Twitter, LinkedIn.

- An udng: Goi y nha hang, dia diém an udng. Vi du hé thong cua Adaptive
Place Advisor, Polylens, Pocket restaurant finder.

Bén canh d6, hé tu van di va dang duogc cac nha khoa hoc, céac t6 chirc, doanh
nghiép rit quan tdim nghién ctru ing dung hé tu van cho da dang cac 16p bai toan &

cac linh vyc khac nhau ctia cude song.

1.3.  Phat biéu bai toan tw van

Cho tap hop hitu han gom N nguoi dung U = {uy, uy, ..., uy} V& M san pham
P = {py, 02 -, Pu}:

M&i nguoi dung u; € U (Voii = 1,2, ..., N) duoc biéu dién thong qua |T| dic

trung noi dung T = {ty, t5, ..., tjr ). Céc déc trung t, € T thong thuong la thong tin


http://www.youtube.com/
http://www.patientslikeme.com/

c4 nhan cia mdéi nguoi dung (Demographic Information). Vi du u; € U 1a mot
ngudi ding thi cac dic trung ndi dung biéu dién nguoi ding u; c6 thé 1a T ={gidi
tinh, dé tuéi, nghé nghiép, trinh do, .. .}.

M&i san pham p, € P (Véi x = 1,2, ... M) c6 thé 1a hang héa, phim, anh, tap
chi, tai liéu, sach, bao, dich vu hodc bat ky dang thong tin ndo ma ngudi dung can
dén. Mdi san pham p, € P duoc biéu dién théng qua |C| dic trung ndi dung
C = {¢1,63 €} Céc didc trung ¢, € C nhdn dugc tir cac phuong phdp trich
chon dic trung trong linh vyc truy van thong tin. Vi du p, € P 1a mot phim thi cac
dic trung ndi dung biéu dién phim p, 6 thé 14 C = {thé loai phim, nuwéc san xudt,
hang phim, dién vién, dao dién, . .}

Moi quan hé gitra tap ngudi dung U va tap san pham P duogc biéu dién thong
qua matran danh gia R = [y, Jvoii = 1,2,..,N;x = 1,2,...,M (Hinh 1.2).

San pham

1 2 .. i.. M
1530120
%”2020004
= .[0]/0|5/0[0]0
€ w(3]4]0]2]1]0
2 .|ojofolo4]0
N[olo[3[2]0]0

a|3[5[0[?][1]0]
Hinh 1.2. Vi du ma trin danh gia tong quat

Gia tri 13, thé hién danh gia cua ngudi dung u; € U cho mét sb san pham
P, € P. Thong thuong gia tri r,, nhan mot gia tri thuoc mién F = {1,2,..., g}
dugc thu thap truc tiép bang cach héi y kién nguoi dung hodc thu thap gian tiép
thong qua co ché phan hoi ctia ngudi dung. Nhirng gia tri 7, = 0 dwoc hiéu 1a
ngudi ding u; € U chua biét dén hodc khong danh gid san pham p, € P, nhitng 6
dién ky tu “?” 1a gid tri cAn hé tu van dua ra du doan danh gia. Tiép dén, ta ky hiéu

P,cP 1a tap cac san phim p, € P dugc danh gia boi nguoi dung u; € U vau, € U



duoc goi 1a nguoi ding hién thoi, ngudi dung can dugc tu van hay nguoi ding tich
cwe. Khi d6, ton tai hai dang bai toan dién hinh ctia hé tu van la:
(1) Du doan danh gia cua ngudi dung u, V6i cac san pham chua co danh gia
trude do.
(2) Tu van danh sach ngin céc san pham phd hop véi ngudi dung hién thoi.
Cu thé d6i véi ngudi dung u,, hé tu van s& chon ra K san pham mdi
Py € (P\P,) phl hop véi ngudi ding u, nhat dé goi y cho ho.
Viéc giai quyét bai toan tu van s& dugc thuc hién theo qui trinh xay dung h¢ tu

van trong muyc 1.4 sau day.

1.4.  Qui trinh xay dung hé tu van

Qui trinh téng quat dé giai quyét bai toan tu van [12] thong thuong goém co 3

giai doan chinh dugc thé hién trong Hinh 1.3 sau.

Thu thap thong tin

l Phan hdi

Xay dyng mo hinh

Du doan danh gia /
Dua ra tu van

Hinh 1.3. Qui trinh xay dyung hé tu van
Giai doan 1: Thu thap thong tin
Ba loai thdng tin chinh thuong dugc thu thap cho hé tu van, gdm co:

- Ngudi dung (User) biéu dién thong qua cac dic trung |a thdng tin ca nhan.

Thong qua biéu dién nay, hé théng cho phép xay dung hd so ngudi ding
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(user’s profile) nham lwu trix lai ddu vét cac dic trung ndi dung san pham da

tirng duoc sur dung boi nguoi dung.

- San pham (Item) biéu dién thong qua cac dic trung 1a théng tin vé& san pham.
Thong qua biéu didn nay, hé thdng cho phép xay dung hd so san pham
(item’s profile) nham luu trit lai dau vét cac dic trung ngudi dung da ting sir

dung san pham.
- Phan hdi cua ngudoi dung voi san pham (Feedback), biéu dién théng qua cac
gia tri danh gia cua ngudi dung véi san pham.
Giai doan 2: Xay dung mé hinh
Giai doan xdy dung mo hinh tu van c6 thé thuc hién bang nhiéu hudng tiép
can khac nhau nham so sanh, danh gia méi lién hé gitra cac théng tin thu thap duoc
o giai doan 1. Mot s6 huong tiép can dién hinh duoc biét dén nhu: dua vao kinh
nghiém (heuristics), hoc may, 1y thuyét xap xi,...[1]. Mdi hudng tiép can s& khai
thac thong tin dau vao theo nhimg cach khac nhau hinh thanh nhitng phuong phap
tu vin khac nhau. Chi tiét vé cac phuong phép tu van nay s& duogc trinh bay cu thé

trong muc 1.5 cta luén an.

Giai doan 3: Dy doan danh gia / Pwa ra tw vin
Dit liu dau ra cua giai doan 2 s& duoc dung dé du doan cac danh gia cua
ngudi ding vai cac san pham chwa cé dénh gia trude d6 va chon ra K san pham méi

phul hop nhat d6i v6i ngudi dung hién thoi dé goi ¥ cho ho.

1.5. Cac huéng tiép cin xay dung hé tw van

C6 nhiéu dé xuit khac nhau dé giai quyét bai toan tu van theo “Qui trinh xay
dung hé tu van”. Tuy nhién vé co ban thi hé tu van dugc chia thanh hai huéng tiép
can tiiy vao viée lua chon loai thdng tin, mo hinh hoc va du doan san phdm méi cho
ngudi dung [4][5], d6 13: 1) Hé tu van véi cach tiép can truyén thdng; 2) Hé tu van

mé rong cach tiép can truyén thdng. Trong dé:
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Céch tiép can truyén théng khai thac 3 loai théng tin dau vao gom ngudi
ding, san pham va phan hdi caa nguoi dung vé san pham. Dwa vao cach xac
dinh dy doan danh gia cho cac san pham ddi voéi ngudi dung, hé tu van
thuong duoc chia thanh ba loai: Tu van dua vao phuong phap loc céng tac
(Collaborative Filtering Recommendation), tu van dua vao phuwong phap loc
theo ngi dung (Content-Based Filtering Recommendation) va tu vin dya vao

phuong phap loc két hop (Hybrid Filtering Recommendation) [1][5][10].

Céch tiép can mé rong tir hé tu van truyén thong cho phép tich hop thém cac
ngudn théng tin khac (Ngir canh, thong tin trong mang x& hdi,...) hoic cai
tién cac phuong phap loc tin truyén thong trong hé tu van (Cac phuong phap
loc két hop, cac phuong phép loc dua trén méi quan tam...). Tur day hé tu
van duoc chia thanh mot sé loai dién hinh: Tu van dya vao ngit canh
(Context-Aware Recommendation), tu van dya vao mang x& hoi (Social
Network-Based Recommendation), tw van dua vao cac phuong phéap loc két
hop (Hybrid Filtering Recommendation), tiép can cac phuong phap loc dua

trén méi quan tam (Attention-based Recommendation)... [1][4][9].

Hé tu vin
(Recommender Systems)

Tiép cén truyén thong Xu huwéng

Tiép cin loc cdng tac
(Collaborative Filtering — CF)

- Khai thac thong tin ngir canh
— (Context-Aware)

- Phat trién cac phwong phap

VA . loc két hop
Tiép can loc theo ndi dung . ]
(Content-Based Filtering — CBF) 3I- Tiep cin cac phuwong phap loc

dewa trén moi quan tam

Tiép can loc két hop o, .
(Hybrid Filtering — HF) €« - Khai thac cac quan h¢ xa hoi

(Attention based)

(Network-Based)

Hinh 1.4. Cac hudng tiép can truyén théng va xu huéng hién nay cia hé tu van
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Noi dung dudi day s& trinh bay chi tiét vé cac phuong phap nay.

1.5.1. He tw van sir dung loc cng tic

Loc cong tac 1a phuong phap khai thac nhitng khia canh lién quan dén thoi
quen st dung san pham cua cong dong nguoi dung cé cung sé thich trong qua khir
dé dua ra du doan cac san phdm méi phi hop voi ngudi dung hién thoi [1][10]. Nhu
vay théng tin dau vao cta hé tu van dua vao phuong phap loc cong tac chinh 1a cac
phan hoi ciia ngudi ding vé cac san pham trong hé thong, duoc biéu dién thong qua
ma tran danh gia R (Hinh 1.2). Khi d6 qui trinh xay dung hé tu van sir dung phuong

phap loc cong tac duoc cu thé hoa theo Hinh 1.5 sau.

Gia tri dw doan 7;

Sian phim
1 2 . i.. M
| f
T . N Dy doéan
%ﬂ o I V6 hinh loc cong tac
z, / Tw van
N

Danh sach Top-N san

pham goi ¥ cho nguoi
dung u,

Ma tran danh gia R

Hinh 1.5. Tién trinh xir 1y cta hé tu van st dung loc cong tac [12]

Tiép cén phuong phap loc cong tac trong xdy dung hé tr van duoc xem la
tiép can rat thanh cong dé xay dung cac hé tu van thyc té véi mot s6 wu diém nhu
don gian trong cai dit va co thé loc dugc moi loai thong tin, ddc biét ddi véi thong
tin da phuong tién (vi du hinh anh, 4m thanh...) ma khong can phai biéu dién dudi
dang van ban.

Mot s6 cac nghién ciru phd bién di thuc hién khao sat, phan loai, ciing nhu
thuc nghiém, danh gid cac thuat toan loc cong tac. Cac phuong phép loc cong tac

ndi chung dugc phan thanh hai nhom chinh: 1) Loc cdng tic dua vao bé nho
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(Memory-based /Heuristic-based); 2) Loc céng tac diwa vao mé hinh (Model-based).
M&i phuong phép tiép cin co nhitng uu diém va han ché riéng, khai thac ciac moi

quan hé trén ma tran danh gia [1][5][10].

1.5.1.1. Loc cong tac dwa vao b nhé

Phuong phép loc cong tac theo bd nhé duge chia thanh mot sé hudng tiép cin
[13][5): 1) Loc cong tdic theo bo nho dwa vao nguoi dung (User-Based
Collaborative Filtering); 2) Loc cdng tic theo bé nhé dwa vio san phim (Item-
Based Collaborative Filtering); 3) Pdnh trong sé6 cho mikc dd twong tw
(Significance Weighting); 4) Thiét ldp gid tri danh gid méc dinh (Default Voting),
5) Chudn héa danh gid ciia ngwoi ding trong ma trdn ddnh gid théng qua wéc
lirong tan sudt xudt hién ngwoc cia nguwoi ding (Inverse User Frequency), 6)
Khuéch dai d6 twong tw ciia nhitng nguwoi ding lang giéng véi nguoi dimg hién thoi
(Case Amplification). Mdi hudng tiép can c6 qua trinh xir Iy khac nhau d6i véi dir
liéu ddu vao 13 ma trin danh gia dé phuc vu cho muc dich tu van. Noi dung dudi

day sé trinh bay chi tiét vé nhirng phuong phap nay.

¢+ Loc cong tac theo by nhé dwa vao ngwoi dung
Y tuong ctia phuong phap loc cong tac theo bd nhd duya vao ngudi ding
[14][13] 14 st dung toan bd ma tran danh gia dé chon ra mot tip ngudi ding tuong
tu nhat véi nguodi dung hién thoi. Tiép d6, két hop cac danh gia cua tap nhiing
ngudi ding twong ti nhat nay dé dua ra du doan danh gia cho ngudi dung hién thoi
v6i san pham chua biét. Phuong phap dugc thyc hién theo bon budc:
- Budc 1. Tinh todn mirc do twong tu cua tit ca ngudi ding trong hé théng véi
nguoi dung hién thoi (ug).
- Budc 2. Xac dinh tap nguoi dung lang giéng véi u, bang viéc chon K, nguoi
ding c6 mirc d6 twong tu cao nhét véi u,.

- Budc 3. Sinh du doan danh gia cua u, v6i san pham chwa danh gia bang viéc

két hop cac danh gia cua cac ngudi dung trong tap lang giéng.
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- Budc 4. Tu van K, san pham méi c6 mtc d6 phu hop cao nhat cho u,.
Céach tinh chi tiét cho bude 1 va bude 3 duge miéu ta nhu sau:

Bwée 1. Mac do tuong tu gifra nguoi dung u; € U véi nguoi dung hién thot
ug, ki hiéu 1a sim(ug, u;), dugc xem xét dya vao tap san phdm ca hai nguoi dung
déu danh gia. C6 nhiéu d6 do khac nhau tinh toan mirc do twong tu [1][14] nhu: Do
do khoang cach Euclid, Minkowski...; B0 do tuong tu Cosin, Entropy...; D6 do
tuong quan Pearson, Spearman, Kendal,.... Trong d6 hai do do phd bién nhét dugc

st dung la d tuong quan Pearson va gia tri Cosin gitra hai véc to.
e D¢ twong quan Pearson giita hai nguoi dung u, va u; :

prePai(rax - Fa)(rix - 771) (1-1)

\/prEPai(rax - 771)2 prepai(rix — 771)2

SiMpearson (uar ui) =

Trong do :
0 Py = {Pyltax # D N1y, #+ O} 12 tap tat ca cac san pham cling duogc
danh gia boi u, va u;.
o g, I, latrung binh céng cac danh gia khac 0 cua u, va u;.

e D¢ tuong tw Cosin gitta hai nguoi dung u, va u;: la gia tri Cosin gitra hai véc
to u, Va u; theo cong thire (1.2). Trong dé, u, va u; duoc biéu dién bing véc
to m chiéu (m = |P,;| 12 s6 luong cc san pham ca hai nguoi dung cing danh
gid).

u_’a. E{ . prePai Tax-Tix (12)

g | 12|12
¢ l prepai T'azx ' prepai rii

Bwéc 3. Sinh dy doan danh gia cta u, v6i san pham chua danh gia Dy -

SiMepsin(Ug, U;) = cos(ug, u;) =

Goi U 1a tap K, nguoi dung twong ty nhat dbi véi u, (Tap lang giéng vai u,).

Khi d6 mirc d6 phu hgp cua nguoi dung u, voi san pham méi p,, dugc xac dinh nhu
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mot ham cc danh gia cua tip lang giéng theo mot sé phuong phap phd dung dudi

day:

1
(@) Tay = K_lz:urEﬁ Tu'y

(b) 75y = h Xweg sSim(uqg, u') X 1,1, (1.3)

(c) Tay = Ta + h Xwen sim(ug, u’) X (ru’y —Tu)

Trong d6 : h duoc goi 1a nhan té chuin hoa, 7 13 trung binh cac danh gia cua

nguoi dung u, dugc xac dinh theo cong thirc (1.4).

h=1/ Z sim(ug, u')

wel

1
a |Pa| szepa ax

Pa={prP|Tax¢0}

% Loc cong tac theo bd nhé dwa vao san pham

Y tudng cta phuong phap nay dugc thuc hién bang viéc thay vi tinh mic do
tuong tu giita cac ngudi dung trong hé thong véi nguodi dung hién thoi u,, hé tu van
s& tinh toan muc do twong ty gitta san pham can dy doan danh gia boi u, véi cac
san pham da duoc u, danh gia. Viéc tinh toan muc do tuong tu giita hai san pham
dugc xem xét dwa vao tap ngudi dung cung danh gia ca hai san pham d6. Trén co s&
d6 chon ra mot tap san pham lang giéng véi san pham can dy doan danh gia boi u,.
Két hop cac danh gia cta u, v6i tap san pham lang giéng nay dé dwa ra du doan

danh gia ctuia u, voi san pham can du doan.

Tuong tu nhu viéc tinh mure do twong ty gitra hai nguoi dung cho loc cong tac
theo bd nhé dua vao nguot dung, viéc tinh toan muc d twong tu gitra hai san phém
cling dugc thyc hién tuong tu theo mot s6 do do da deé cap. Trong do c6 hai do do
phd bién nhét dugc sir dung 1a d6 twong quan Pearson va gia tri Cosin giita hai véc

to.
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e D$ tuwong quan Pearson giita hai san phdam p, VA Dy:

ZuiEny(rix - 7’Tc)(riy - Fy) (15)

\/zuieuxy(nx — 72 Sty (Tiy — 73)?

SiMpearson (px: py) =

Trong do :
0 Uyy ={u; [y # 0N 1y, # 0} la tap tit ca cac nguoi dung cung danh
gia san pham p,, va san pham p,,.

o Ty, Ty latrung binh cong cic danh gia khic 0 cho p, va p,,.

e Dé twong tw Cosin giita san pham p, Va py: 1a cosin cua hai véc to p, va p,
theo cong thirc (1.6). Trong d6, hai san pham p, va p, dugc xem xét nhu vée
to n chiéu (n = |Uyy | 1a s6 lugng cac ngudi dung cung danh gia san pham p,

vap,).

Dx- Dy ZuiEny Tix-Tiy (1.6)

RIS
x Y ZuiEny ‘rifc . ZuiEny ri:zy

Vi¢c sinh du doan danh gia cua nguoi dung hién thoi u, véi sdn pham chua

SimCosin(px' py) = cos(px, py) =

danh gia p, duoc tinh toan bang viéc két hop cac danh gia cta u, voi cac san phim
trong tap lang giéng cua py- Goi P 1a tip gdm K, san pham twong ty nhat dbi véi
py- Khi d6 mirc 46 phu hgp cua u, voi p,, duge xac dinh nhu mot ham céac danh gia
cua tap lang giéng. Phuong phap phd dung nhit dé du doan murc d6 phu hop cua san
pham Py dbi voi nguoi dung u, duoc xac dinh theo cong thirc (1.7)

_ Zpreﬁ Tapr- sim(p’, py) (1-7)
Yorer Isim(p',py) |

Tay

®.

< Panh trong sé6 cho mirc do twong twr
Viéc tinh mirc do tuong tu gitra cac nguoi dung u; € U véi nguoi dung hi¢n
thoi u, duge xem xét dua vao tp san phim ca hai nguoi dung déu danh gia. Trong

mot s truong hop sb lwong san pham ca u; Va u, cung danh gia 1a rat it nhung gia
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tri twong tu giita u; va u, thu duoc van kha cao nén u; van duoc chon vao tap lang
giéng cua u,, diéu nay dan t6i chat lugng du doan khong cao trong nhiéu trudng
hop. Thyc nghiém ciing chimg minh néu sé luong san pham cung danh gia boi hai
ngudi ding u; va u, 16n thi mic do tuwong tir gitra u; va u, thu duoc 6n dinh hon va

do vay tap lang giéng cua u, thu duoc 13 hitu ich cho viéc du doan danh gia [5].

Tu nhitng nghién ctru va thyc nghiém nhu vay, mdt $6 nghién ctu da dua ra
huéng giai quyét dé han ché anh hudng cia sé luong it san phiam ca hai ngudi ding
cung danh gia 1€n do chinh xac cua hé tu van, béng viéc dua ra mot tham sb
(Significance Weighting) nhim danh trong sé cho cdc mirc do twong tu tinh toan
duge. Cu thé, néu s6 lugng san pham ca hai nguoi dung u; va u, cing danh gia (Ki
hiéu 1a z) it hon 1 ngudng 6 thi mic d6 tuong tu gitta u; va u, tinh trude do sé

duoc tinh lai béng cach nhan voéi %‘ Trong truong hop z = 0 thi mic do tuong tu

giita u; Va u, giit nguyén [5]. Cong thirc (1.8) thé hién diéu nay.

. N Z (1.8)
sim(uy, 1) = snn(ua,ul).‘9 If z< 0

sim(ug,u;) Ifz=>06

< Thiét 1ap gia tri danh gia mic dinh

Mot hudng tiép can khac dugc dua ra dé han ché anh huong cua sb lugng it
san pham ca hai nguoi dung cing danh gia 1én d6 chinh xac ciia hé tu van, bang
viéc thiét 1ap gia tri danh gia mic dinh cua ngudi dung voi cic san phim chua c6
danh gia trude d6. Khi d6 mac do tuong tu gitta hai nguoi dung s€ dugc xac dinh
dua trén tap san pham ca hai ngudi ding déu danh gia c6 s6 luong kha 16n. Breese,
Heckerman va Kadie [15] chi ra ring d6 chinh xac cua hé tu vin dwa vao phuong
phap loc cong tac cai thién dang ké khi cac gia tri danh gia chua biét duoc thiét lap

gia tri mac dinh.

X/

< Uéc lwong tan suit xuét hién ngwoc cia nguwdi dung

Trong hé thong, nhitg san pham dugc déanh gia boi tit ca ngudi dung nhiéu

khi khéng hitu ich cho viéc dwa ra tu van bang nhitng san pham khéng duoc danh
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gi4 boi tat ca ngudi dung. Chinh vi vy, tin sudt xuit hién nguoc cua ngudi dung
fi = log(f) duge st dung cho phép ta chu y nhidu hon dén nhiing nguoi ding
L

khong danh gia tit ca san pham cua hé théng (V6i n; 1a s6 lugng ngudi dung da
danh gia san pham i, n 13 tong s6 luong nguoi dung). Theo d6, cac danh gia cia
ngudi dung trong ma tran danh gia duoc chuin hoa lai bang tich gia tri danh gia ban

dau véi f; [S][15].

% Khuéch dai mirc d9 twong tw ciia nhirng nguwdi dung lang giéng véi nguoi
dung hién thoi
Nham khuéch dai mtrc d6 twong tu cua nhiing nguoi dung lang giéng u; voi
u,, Breese, Heckerman va Kadie [15] dé xuat hang s6 khuéch dai p (p = 1), nham
chuyén d6i muc d6 twong tu giita hai ngudi dung u, va u; theo cong thirc (1.9).

sim'(ug, u;) = sim(ug, u;). |[sim(ug, u;)|P~ 1 (1.9)

Mitc d6 twong ty chuyén d6i ny sé dugc dung cho qua trinh dy doan danh gia

cua nguoi dung hién thoi u, voi cac san pham chua duge danh gia.

1.5.1.2. Loc cong tac dwa vao mé hinh

Khéac véi phuong phap loc cong tac dwa vao bo nhd, phuong phap loc cong tac
dua vao mo hinh [1][16] st dung ma tran danh gia dé xdy dyng mo hinh dy doan
sinh ra tu van cho ngudi ding. Uu diém cta phuong phap nay 13 mo hinh huén
luyén c6 kich thudc nhé hon rat nhiéu so v6i ma tran danh gia va thuc hién du doan
nhanh. M6 hinh chi can cap nhat lai khi c6 nhiing thay ddi 16n va chi thuc hién lai
pha xay dung md hinh.

Trong cach tiép can nay, loc cong tac co thé sir dung cac kj thuat hoc may
hodc khai pha dir li¢u nhu: luat két hop, phan cum, SVM, cay quyét dinh, mang no
ron nhan tao va hoc siu, dd thi, phan loai va hoi qui, mang Bayes, thira s6 hoa ma
tran, st dung Ontology va k¥ thuat giam chiéu dit liéu... & xay dung md hinh du

doan [12][16]. Trong phan dudi ddy sé& trinh bay tém tat vé mot s6 mo hinh nay.

% M0 hinh luat két hop
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Vi dir liéu dau vao cho loc cong tac la ma tran danh gid, mo hinh luat két hop
[17] 4p dung cac thuat toan khai pha lut két hop nham trich xuat ra nhiing luat du
doan sy xuét hién nhitng san pham tu vin dua trén méi lién hé cua né véi céc san
pham khac cuaa hé thdng. Luat két hop duoc biéu dién dudi dang A — B, trong d6
A, B dai dién cho 2 san pham cua hé thong. M6 hinh luat két hop dugc danh gia 1a
cai thién hiéu qua hiéu ning va khong gian luu trit cia hé tu van trong mot sb
truong hop, tuy nhién khi sé luong ngudi dung va san pham 16n thi viéc tim ra cac

luat két hop cho hé tu véan s& tro 1én kha phtc tap.

% MO0 hinh phan cum

K§ thuat phan cum [18][19] duoc thuc hién bang cach chia cac d6i tugng dir
liéu ban dau vao trong cac cum dir li¢u khac nhau. Trong d6, mgt cum la tap cac doi
tugng dit liéu co cac phan tir trong cum gidng nhau nhiéu nhat va khac nhau nhiéu
nhat d6i voi cac phan tir thude cic cum khac. Diéu nay nhim tip trung khai thac
thong tin tir ddi twong dir lidu c6 quan hé mat thiét véi nhau, ciing nhu bd qua

nhing thong tin nhiéu tir nhitng d6i twong dit lidu it quan trong.

Ap dung cac phuong phap phan cum cho loc cong tac dé phan chia tdp ngudi
dung (hodc tip san pham) thanh cic cum ngudi dung (hodc cum san pham) cé s
thich twong tu nhau. Khi d6, ngudi dung (hodc san phim) thudéc cum nio s& dugc
du doan va tu van cac san pham dugc danh gia cao dua vao cum d6 [20].

Mot huéng tiép can phan cum khac nhom dong thoi cho ca ngudi ding va san
pham thudc cuing mot cum, diéu nay cho phép mdi ngudi dung hodc san phim co
thé thudc nhidu cum khac nhau, khi d6 ddnh gia dy doén ctia nguoi dung hién thoi
cho cac san pham moi s& duoc tinh trung binh trén cac cum dit liéu [21]. K-means
va SOM (Self-Organizing Map) 1a hai phuong phap dién hinh cho hudng tiép can
nay. Trong d6, phuong phap K-means tién hanh chia tap N san pham vao K cum
[18], phuong phap hoc khong giam sat SOM co nén tang duwa trén k§ thuat phan

cum no ron nhan tao [22].

% MO0 hinh SVM



20

M6 hinh may véc to hd trg SVM (Support Vector Machine) [23] 1a mé hinh
phan loai dir liéu nhi phan va c6 thé mo rong cho phan loai da 16p, trong do mdi
diém dir lidu x; duoc biéu dién dudi dang mot véc to n-chiéu. SVM thuc hién trén
nguyén tic xay dung mot siéu phiang (hyperplane), dang WX = C, déng vai tro 1a
ranh gidi gitta hai nhom diém dir liéu da biét. Siéu phéng duoc lua chon sao cho
khoang cach tir cac diém dit liéu thudc hai 16p t6i no 1 xa nhat co thé, diéu nay gitp
sai s6 phan loai ciia mo hinh SVM cang bé. Trén co s siéu phang dinh nghia duoc,
mo hinh SVM s¢€ xac dinh 16p cho diém dit liéu méi can ¢t vao vi tri cia nd & trén
hay dudi siéu phang.

Ap dung mé hinh SVM cho loc cong tac [23] trén co s& xdy dung mot siéu
phang tir tap dir liéu danh gia di biét gitp phan tach nhitng san pham co thé thich va
khong thich bo1 ngudi dung. Muc dd va thich nay dugc dy doan cén ctr vao vi tri va
khoang cach tir diém dir liéu biéu dién san pham t&i siéu phang, tir d6 dua ra tu van
san pham pht hop v6i ngudi dung hién thoi. Hiéu qua ciia mé hinh SVM cho loc
cong tac dugc danh gia 1 phu thudc vao phuong phéap biéu dién cac diém dir liéu va

phuong phép tdi wu tham sd trong viée xac dinh siéu phang.

< M0 hinh cay quyét dinh

Cay quyét dinh [24] 1a mot cdu tric ra quyét dinh c¢6 dang dd thi hinh cay. Véi
dau vao 1a tap dir liéu hudn luyén di duoc gan nhin biét trudce, cay quyét dinh s&
phan tich va dua ra nhin phan loai cho mét vi du méi. Ap dung cdy quyét dinh
trong viéc dy doan danh gia ctia nguoi dung hién thoi cho cac san phim chua biét
dugc cho 14 tryc quan va dé hiéu hon cac phuong phap phan loai khiac nhu Support
Vector Machine (SVM) va Neural Networks.

<% M® hinh phan loai va hdi qui

Cho tap hop gom N véc to M chiéu {x;}. Muc tiéu ctia phan loai hay hoi qui 1a
du doan chinh xéc gié tri d4u ra {c;} tuong ung voi dau vao. Trong truong hop phan

loai, ¢; nhan mot gia tri tor mot tdp hitu han goi 1a tdp cac nhan. Trong trudng hop
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hoi qui, ¢; cO thé nhan mot gia tri thuc. Ap dung mé hinh phan loai cho loc cong tac
[25][26], mdi san pham (hoic ngudi dung) dugc xay dung mot bo phan loai riéng.
B6 phan loai cho san pham y phan loai tap nguoi dung dya trén nhimg ngudi dung
khac dd danh gia san pham y. Céc bd phén loai duoc tién hanh huén luyén doc lap

nhau trén tap cac vi du huan luyén.

« MO0 hinh mang Bayes

Mo hinh mang Bayes biéu dién mdi san pham nhu mot dinh cua d6 thi, trang
thai ciia dinh twong ung véi gia tri danh gia da biét cua nguoi dung doi véi san
phém. CAu trac cua mang dugc nhan biét tir tap dir liéu huén luyén.

Breese, Heckerman va Kadie [15] dé xuat phuong phdp mang Bayes don gian
cho loc cong tac theo cong thirc (1.10). Breese gia thiét cac gia tri danh gia duogc
xem xét nhu nhitng s6 nguyén nam giira 0 va n. Panh gia chua biét ctia ngudi dung
u dbi véi san pham p 1a 1 duoc udce luong thong qua nhitng danh gid trude do cua
nguoi dung u. Goi B, = {p’ € P | 1, # 0}. Khi do, danh gia chua biét ctua ngudi
ding u ddi véi san pham p duoc tinh theo cong thire (1.10).

& (1.10)
Tup = E(ru’p) = z [ X Pr(r,, = i|ru’p1,p’ €P)

i=0

Billsus va Pazzani[27] chuyén d6i dit liéu c6 nhiéu mirc danh gia thanh dir liéu
nhi phan. Khi d6, ma tran danh gia duoc chuyén d6i thanh ma tran bao gdm dic
trung nhi phan. Viéc chuyén doi nay lam cho viéc sir dung mo hinh mang Bayes tré
nén thuén tién hon. Tuy nhién, két qua phén loai theo cac dic trung nhi phan khong
phan anh ding cac b dir li¢u thuc. Su va Khoshgoftaar [28] md rong md hinh
mang Bayes cho céc tap dit liéu thuc gdm nhiéu 16p danh gia khac nhau. Két qua du
doan ctia mo hinh t6t hon so v6i cac phuong phap dua trén d twong quan Pearson

va md hinh mang Bayes don gian.

< M0 hinh thira s6 hoa ma tran
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Trén thuc t& ma tran danh gia cia loc cong tac kha thua do mdi nguoi dung chi
dua ra mot s6 it danh gia ctia minh cho cac san pham cta hé thong [1][10], dan toi
hé tr van dua vao phuong phéap loc cong tac cho lai hiéu qua khong cao. C4c md
hinh nhan t6 tiém an (Latent Factor Model), trong d6 mé hinh thira s héa ma tran
(MF - Matrix Factorization) 13 mot dién hinh cai thién dang ké chét luong dy doan
ctia hé tu van [29][10].

K¥ thuat thtra s6 héa ma tran duge thuc hién béng viéc chia mot ma tran 1én X
thanh hai ma tran c6 kich thuéc nhé hon W va H, sao cho ta c6 thé xay dung lai X
tir hai ma trdn nho hon nay cang chinh xac cang tot [29], nghia 1a X ~ WHT. Trong
do, W € RIVIXK |3 mot ma tran ma mdi dong 1a mot véc to bao gom K nhan t6 tiém
an (latent factors) mo ta nguoi ding u va H € R'PXX 13 mot ma tran ma mdi dong
la mot véc to bao gdm K nhan té tiém an mo ta cho san pham p (Luu y: K << |U|

vaK << |I]).

Goi Wy, VA h j, 12 céc phan tir twong (ng cua hai ma tran W va H, khi d6 xép
hang caa ngudi ding u véi san pham p duoc du doan bai cong thire (1.11).

K (1.11)
Fup = Z Wahpe = w. hT
k=1

Nhu vay van dé then chét caa ki thuat thira s6 hda ma tran 13 1am sao dé tim
duoc gia tri cua hai tham s W va H. Hai tham s ndy c6 duoc bang cach t6i wu hoa
ham muc tiéu. Mot trong nhitng k¥ thuat c6 thé dung dé t6i vu hdéa ham muc tiéu 13
ding SGD (Stochastic Gradient Descent) [29]. M6 hinh thira s6 hoa ma tran duoc
danh gia 1a cho lai hiéu ning tu vin cao ké ca trong trudng hop dit liéu thua, tuy

nhién kha tén kém trong viéc xay dung mé hinh va can khong gian luu trit 16n.

% M6 hinh mang no ron nhén tao va hoc sau

Mang no-ron nhan tao ANN (Artificial Neural Network) la mdt mé hinh toan
hoc duoc xay dung dua trén co s¢ cdc mang no-ron sinh hoc. N6 gém c¢6 mot nhoém

c4c no-ron nhén tao (nat) dugc xép trong cac tang, cac nut dugc ndi tir ting ndy tdi


https://vi.wikipedia.org/wiki/M%C3%B4_h%C3%ACnh_to%C3%A1n_h%E1%BB%8Dc
https://vi.wikipedia.org/wiki/M%C3%B4_h%C3%ACnh_to%C3%A1n_h%E1%BB%8Dc
https://vi.wikipedia.org/w/index.php?title=M%E1%BA%A1ng_n%C6%A1-ron_sinh_h%E1%BB%8Dc&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=N%C6%A1-ron_nh%C3%A2n_t%E1%BA%A1o&action=edit&redlink=1
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tang khac va cac két ndi giita cac nat duge danh trong sb két ndi. Cac mang no ron
nhan tao nhiéu 16p nay con duoc goi 12 mang sau (deep network). Thong tin dugc
xtr 1y bang cach truyén theo cac két ndi va tinh gia tri moi tai cac nat ndm & tang
sau do. ANN dugc danh gia la m6 hinh hoc mdy manh mé, nam bit dugc cac mbi
quan hé phirc tap trong tap hop dit liéu va han ché nhidu dir liéu trong nhiéu trudng
hop [30]. Tuy nhién nhuoc diém chu yéu cia ANN 13 né khé dé dua ra céu trac

mang 1y tuéng va yéu cau dir liéu huan luyén 13 twong dbi 16m.

Mot s6 nghién ctru da ung dung mang no ron nhan tao va cic phuong phap
hoc sau (Deep learning) vao hé tu van dé dy doan danh gia cho nguoi dung hién

thoi vé san pham chua biét nhu [30][31][32].

%+ M5 hinh @6 thi

Mo hinh d6 thi (Graph-based) con duoc biét dén 13 mé hinh phan tich lién két
(Link analysis). P4y 1a mé hinh khai thac thong tin dit liéu thong qua mdi lién két
gitta nhitng ddi twong dir liéu trén do thi. Mot sé giai thuat duoc ap dung cho mo
hinh loai nay nhu PageRank va HITS, trong dé coi mdi dbi tuong dir liéu nhu mot
nut cua d6 thi [33]. Ung dung mo hinh dd thi nay cho hé tu van [34][35] cho phép
khai thac cac mdi quan hé truc tiép va gian tiép gilta cac d6i tuong dir lieu (nguoi
dung, san pham) nham giai quyét van dé dir liéu thua cta loc cong tac, tir d6 nang

cao chat lugng tu van.

< M@t s6 md hinh khac st dung Ontology va ky thuat giam chiéu dit liéu SVD
(Singular Value Decomposition) [36][37] cho loc cong tac gilp giai quyét van
dé dir liéu thua va kha nang mé rong di liéu, tir d6 ning cao d6 chinh xéac va

giam thoi gian tinh toan.

1.5.1.3.  Nhirng van dé khi &p dung phwong phap loc cong tac
So véi loc theo ndi dung, loc cong tac c6 uu diém nhu don gian trong cai dat
va c6 thé thue hién t6t trén tit ca cic dang thong tin nhung gip phai mot sb van dé

sau [1][10] :



24

e Vin dé nguoi ding méi: Dé phan b chinh xac cac san pham ngudi dung quan
tam, loc cong tac phai udc lwong duoc so thich ctia nguoi dung d6i voi cac san
pham méi thong qua nhirng danh gia cta ho trong qua khir. Trong trudng hop
hé thng c6 mot ngudi dung méi, sd luong danh gia cia ngudi dung nay cho
cac san pham ciia hé thong 12 0, khi d6 phuong phép loc cong tac khong thé

dua ra nhitng tu van chinh xac cho ngudi dung do.

o Vian dé san pham moi: Trén thyc té cac san pham thuong xuyén dugc bd sung,
cap nhat vao hé thong. Khi xuat hién mdt san pham maoi, tat cd danh gia ctua
nguodi dung cho san pham nay déu 1a 0. Do vay, loc cong tac khong thé tu van

san pham méi nay cho bat ky nguoi dung nao trong hé thong.

o Vin dé dit liéu thua: Két qua dy doan cua loc cong tac phu thudc chu yéu vao
s6 luong danh gia biét trude ctia ngudi ding ddi véi cac san pham. Tuy nhién,
d6i voi cac hé thong thuc té, s6 lugng ngudi ding va san pham 14 rat 16n (hang
triéu nguoi dung va san pham) nhung sd luong nhiing danh gia biét trudc

thuong rat nho so voi so lugng cac danh gia can du doan.

o Vin dé so thich thay doi theo thoi gian: Hé thdng loc cong tac dua ra tu van
cho nguoi dung nhimg san phim cua nhiing ngudi ¢ s thich gidong ho da
ting wa thich trong qua khir. Khi s& thich ctia cac nguoi dung dbi voi cac san
pham trong hé théng thay ddi theo thoi gian, néu hé théng khong hoc lai thi

chat lugng tu van cua hé thong t&i nguoi dung sé giam chinh xac.

1.5.1.4.  Vidu mdt sé hé tw van sir dung phwong phap loc cong tac

Youtube [38] 14 hé théng cho phép ngudi dung theo ddi, chia sé va tu van cac
video tryc tuyén ca nhan hoa téi nguoi dung. Tinh ning tu van cia Youtube duoc
xdy dung str dung phuong phap loc cong tac dua vao mé hinh dé dua ra tu van céac
video phu hop véi nhu ciu cta ngudi dung. M hinh dugc sir dung ¢ day 1a mang

no ron sau (Deep Neural Networks).
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Netflix [39] 1a hé théng hé tu van vé phim rat 1én st dung phuwong phap loc
cong tac dya vao mo hinh thira s6 hoa ma tran dé dua ra tu van cac san phém phu
hop cho nguodi dung hién thoi.

Amazon [21] 1 hé tu van thuong mai dién tir rat ndi tiéng st dung phuong
phap loc cOng tac theo bd nhd dua vao san phém. Hé tu van nay khai thac thong tin
dau va 1a ma tran danh gia thu duoc théng qua cac danh gia tuong minh cia nguoi

dung véi san pham dé huan luyén va dua ra tu van.

1.5.2. He tw van sir dung loc theo ndi dung

Y tuong cia hé tu van st dung phuong phép loc theo ndi dung 1a goi ¥ cho
ngudi dung nhitng san phdm méi c6 ndi dung twong tw v4i CaC san pham ho di timg
mua hoic truy nhdp trong qua kht [1][2][10]. Cac phuong phép dua trén tiép can

ndi dung thong thuong s€ thyc hién cac budc sau:

- Bwéc 1. Biéu dién noi dung cua dbi tugng khuyén nghi p € P, duoc ky hiéu
la Content(p), thong qua tap |C| dac trung ndi dung cua p. Tap cac dac

trung cta san pham p duoc xay dung bang cac ky thuat truy van thong tin.

- Bwéc 2. M6 hinh hoa sé thich ngudi dung u € U, goi tat 1a ho so nguoi
ding, ky hiéu UserProfile(w). Ho so ctia ngudi ding u thuc chat 12 lich sir
truy cap hoic danh gia cia nguoi d6 dbi véi cac dic trung ndi dung san
pham. UserProfile(u) dugc xay dung bang cach phan tich noi dung cac san
phdm ma ngudi ding u da ting truy nhap hodc danh gia dua trén cac ky
thuat truy van thong tin. Do vay UserProfile(u) 1a mot véc to biéu dién
thdng qua |C| dac trung ndi dung cua P.

- Buéc 3. Dy doan danh gia ctia nguoi ding u véi san pham p duya trén do
tuong ty noi dung cua p Véi hd so ngudi ding u. Hé thong sé uu tién tu van
nhitng dbi twong p ¢ ndi dung tuong tir cao nhat vai hd so ngudi ding u.
Tién trinh xtr 1y ctia hé tu van st dung phuong phap loc theo ndi dung duoc

cu thé hoa trong Hinh 1.6 sau.



26

HB so ngudi dung

H N
Cac déc trng san phadm L

= FIONTE -~
= L1 -~ E
= NN -~ [N

Biéu dién ndi dung san phdm Loc vdi hd so ngudi dung Tw van

San pham

Hinh 1.6. Tién trinh xtr Iy ctia hé tu van sir dung loc theo ndi dung [2]

Céc phuong phép tu van truyén théng dia trén ndi dung c6 thé chia thanh hai
nhém chinh: 1) Loc theo ndi dung dua vao b nhd, thuc hién tinh toan do twong tu
gitta Content(p) va UserProfile(u) dung cac do do twong tu nhu Cosine,
Euclide...; 2) Loc theo ndi dung dwa vao mé hinh, véi mé hinh dugce hoc tir dir liéu
dung céac ky thuat thong ké hoic hoc may dé phan cac ddi twong khuyén nghi thanh
nhing d6i twong nguoi ding quan tam hay khdng quan tam. Noi dung cu thé duoc

trinh bay sau day.

1.5.2.1. Loc theo ndi dung dwa vao by nhé
Loc theo ndi dung dya vao bd nhé 1a phuwong phap st dung toan bo tap hd so

san pham hodc tip hd so ngudi dung dé thuc hién huin luyén va du doan.

Noi dung phan nay s& trinh bay vé phuong phéap loc theo ndi dung dya vao bd
nhé st dung toan bd hd so ngudi dung, nhirng san phdm méi c6 mirc do twong tu
cao nhat v6i hd so ngudi ding sé& dugc ding dé tu van cho ngudi ding nay. Hé tu
van x4y dung theo huéng nay duoc biét dén 1a hé tu van theo ndi dung san pham.

Véi phuong phap loc theo ndi dung dira vao bd nhé st dung toan bo ho so san
pham dugc thyc hién twong ty. Hé tu van x4y dung theo hudng nay dugc biét dén 1a

hé tu van theo ndi dung ngudi dung.
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Hé tu van theo ndi dung san pham duoc hién thuc héa qua ba budce theo Hinh

1.6 nhu sau:

- Bwdc 1. Biéu dién san pham méi dudi dang véc to trong sé cdc dic trung

ngi dung san pham

Phuong phap udc lugng trong sb cac dic trung ndi dung thong dung nhat
thuong duoc sir dung 1a phép do tan suat két hop voi tan sudt xuat hién nguoc
(TF/IDF). Phuong phap dugc thuc hién nhu sau:

Goi f;j la s6 1an dic trung ndi dung c; xuat hién trong san pham p ;- Khi do tan
suat TF;; cua dac trung ndi dung c¢; trong san pham p ; dugce xac dinh theo cong
thire (1.12).

fij (1.12)

TF, . = — 24
' max,f, ;

J =

O day, max, fzjla sO 1an xuat hién nhiéu nhat cta dic trung ndi dung c, trong

san pham p;.

Tuy nhién, nhitng dic trung ndi dung xuat hién trong nhiéu san phim khong
dugce dung dé xem xét mirc do twong tu giita cic san pham, tham chi nhitng dic
trung ndi dung nay khong chira dung nhiéu thong tin phan 4nh nodi dung san pham.
Chinh vi vay, tan suat xuat hién nguoc IDF; két hop voi tan suat TF; j cho phép ta
cht ¥ nhiéu hon dén nhitng dic trung ndi dung co trong san phdm nay nhung it xuit
hién trong cac san pham khac.

Phuong phap xac dinh tan sudt xuét hién nguoc dugc thuc hién nhu sau: Gia
sir hé théng c6 N san pham can duoc phan bo hodc tu van cho nguoi dung va dic
trung ndi dung c; xuat hién trong n; san pham. Tan suat xuat hién ngugc IDF; cua
dic trung nodi dung c; c6 tan suat xuit hién trong san pham p ;i la TF; ; dugc xac dinh
theo cong thie (1.13), trong s6 cac dic trung nodi dung ¢; duoc xac dinh theo cong

thire (1.14).
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N
IDF; = logn— (1.13)

i
w;; = TF;; x IDF; (1.14)
Trong cong thirc (1.14), néu thay n; = N hay dic trung ndi dung ¢; xuit hién
trong dai da sb cic san pham thi trong sd w;j = 0, c6 nghia la nhitng dac trung noi
dung ¢ trong moi san pham thi dic trung d6 khong chira nhiéu noi dung thong tin
phan anh san pham. Nguoc lai, néu dic trung ndi dung chi xuat hién trong mot san
pham thi n; = 1, khi d6 w;; = TF;;. Do d6, nhiing dac trung ndi dung chi Xudt
hién & mot loai san pham va khong xuat hién ¢ nhiing san pham khéc thi nhiing dic
trung noi dung nay chira nhiéu ndi dung quan trong ddi v6i san pham.
Bang cach udc lugng nay, mdi san pham p, € P dugc biéu dién nhu mot véc
to trong sd cac dic trung ndi dung w, = {Wy,, Woy,. ., Wic|x}- Trong do |C] 1a sd

luong dic trung ndi dung cuia toan bo san pham.

- Bwdc 2. Biéu dién hé so ngwoi ding dwéi dang véc to trong sé cdc dic
trung ndi dung san pham
V6i moi nguoi dung u; € U, w; = {Wj1, Wip, ..., Wyi¢} 12 véc to trong sO cac
dic trung ndi dung san pham ¢, € C dbi voi mdi ngudi ding u;, hay con duge goi 1a
h6 so ciia ngudi dung u;. Trong d6 mdi wy, 1a trong sb, biéu dién mirc d6 quan
trong cua dic trung ndi dung ¢, d6i véi ngudi ding u;. Véc to w; dugce tinh toan
bang céac ki thuat khac nhau tir véc to trong sb cac dic trung ndi dung ctia san pham
da duoc nguoi dung thuong xuyén truy cap hodc danh gia. Balanovic [40] tinh toan
véc to trong s6 mdi hd so nguoi dung w; bang cach 1dy trung binh cong véc to trong
sO W, trén cac san pham p, € P ma ngudi dung di ting truy cip hodc danh gia.
Pazzani [41] sir dung bd phan loai Bayes wéc luong kha ning gidong nhau ctia san
pham va dé xuit thudt toan Winnow thyc hién trong nhitng trudng hop c6 nhiéu dic

trung ndi dung.

- Bwdc 3. Tinh dp twong tw gia san pham mdi va hé seo ngwoi ding
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Theo cach biéu dién nhu trén, san phdm méi va hd so ngudi dung déu duogc
biéu dién duéi dang véc to trong sd cac dic trung ndi dung san pham cé cing chiéu
va udc lugng theo cung mdt phuong phap (trong truong hop nay la TF-IDF). Do
vay, mac do phi hop cua san phdm p, € P véi ngudi ding u; € U duoc xac dinh
cin ctr vao mirc do tuong tu gitta san phAm moi p, va hd so cia ngudi ding u;.
Nhitng san phim c6 mirc d6 twong ty cao nhit voi hd so ngudi dung hién thoi sé

dugc dung dé tu vin cho nguoi dung hién thoi.
Phuong phap phd bién dé udc lugng muc do twong ty gitta san pham p, € P

va hd so nguoi ding u; € U 1a dung do do Cosin giira hai véc to trong s6 w; Va w.

—_ — |C|
Wl'Wx _ s=1 Ws,i'Ws,x (115)

W 21We 12 e c
le:|1 Wsz,i' Is:|1 Wi

O day, |C| 1a s6 luong dic trung ndi dung san pham. Trong cong thirc 1.15,

SiMcpsin (Wi: Wx) =

néu Cosin ctia hai véc to gan t6i 1, hay goc tao boi hai véc to nay nho thi mac do
tuong tu gilta san pham va hd so ngudi ding cang cao, khi d6 san pham c6 muc do
pht hop cang cao voi ngudi ding. Nguoc lai, néu Cosin cua hai véc to gan bang 0,
hay goc tao bai hai véc to 16n thi mic d6 twong tu gitta san pham va hod so ngudi
dung cang thip, khi d6 san pham c6 muc d6 phu hop cang thap voi nguoi dung.
Theo cach do nay, néu ngudi dung u, truy cip nhiéu san pham lién quan dén mot
chu dé nao d6 thi hé thong loc theo ndi dung s& phan bd nhitng san pham cua chi dé

d6 cho nguoi dung u,.

1.5.2.2. Loc theo ngi dung dwa vao m6 hinh

Loc theo ndi dung dua vao mé hinh 1a phuong phap sir dung toan b tap ho so
san pham hoic tap ho so nguoi ding dé thuc hién hudn luyén. Két qua ctia mo hinh
huén luyén s& sir dung trong mé hinh dy doan dé sinh ra tu van cho nguoi dung.
Trong cach tiép can nay, loc theo ndi dung co thé su dung céc ky thuat théng ke,
hoc may nhu : mang Bayes, phan cum, cdy quyét dinh, mang no ron nhan tao...[24]

dé sinh dy doan cho ngudi ding.
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Pazzani va Billsus [42] sir dung bd phan loai Bayes dua trén nhirng danh gia

‘thich’ hodc ‘khéng thich’ cua ngudi dung dé phan loai cac san pham.

Solombo [43] d& xuit mo hinh loc thich nghi, trong d6 chu trong dén viéc

quan sat muc d phu hop cua tat ca cac san pham.

Zhang [44] dé xuat md hinh téi vu tip cac san pham tuong ty dua vao gia tri
ngudng. Trong do, gia tri ngudng duoc udc lugng dua trén tap san pham thich hop

va tap san pham khong thich hop v6i mdi hd so nguoi ding.

1.5.2.3.  Nhitng véan dé khi 4p dung phwong phap loc theo néi dung

Mic du loc theo ndi dung da ap dung thanh cong cho nhiéu tng dung loc van
ban, tuy vy phuong phap van ton tai mot sé van dé can tiép tuc nghién ciru giai

quyét, d6 1a van dé trich chon dic trung va ngudi dung mai [1][5].

o Vin dé trich chon dac trung: Loc theo ndi dung ké thira va phat trién dya chu
yéu vao cac phuong phap trich chon dic trung trong linh vuc truy van thong
tin. Dé c6 mot tap cac dac trung déy du, ndi dung tai liu phai dugc biéu dién
dudi dang phit hop dé may tinh c6 thé ty dong phan tich, tinh toan trong sb cac
dac trung nd1 dung hodc phai dugc thuc hién ban ty dong. Phuong phép s€ kho
ap dung trong nhiing trudng hop viée trich chon ndi dung phtic tap, chang han
trich chon dac trung noi dung cac ddi tuong dir liéu da phuong tién (hinh anh,

am thanh,...).

o Vin dé nguoi ding méi: Cac hé thong loc theo ndi dung chi thuc hién hiéu
qua khi nguoi dung danh gia hodc truy nhap mot sé luong san pham du 16n.
Trong truong hop ngudi dung méi, hd so ngudi dung dugce biéu dién dudi
dang véc to trong sd cac dic trung ndi dung san pham c6 cac thanh phan 1a 0,
vi vay h¢ théng s€ khong thé thuc hién dy doan va phan bod nhirng san phém

thich hop cho nguoi dung.

1.5.2.4.  Vidu mdt sé hé tw van sir dung phwong phap loc theo ngi dung
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News Dude [27] 1&2 mot hé théng tong hop giong néi nhim doc truyén cho
nguoi dung. Hé théng nay sa dung phuong phap TF-IDF dé biéu dién ndi dung
truyén, sau do6 sir dung do do tuong tu Cosin dé tinh mtre d6 tuong tu gilra truyén va

ho so nguoi dung.

LIBRA [45] 1a hé tu van sach duoc xay dung dua vao phuong phap loc theo
ndi dung. Hé thong nay sir dung mé hinh phan loai Nar“ve Bayes hoc hd so ngudi
ding 1 co s& dé dua ra tu van cac san pham pht hop v6i ngudi dung hién thoi. Uu
diém cua hé tu van LIBRA 1a cac tu van dua ra bai hé théng 13 c¢6 so s giai thich rd

rang.

1.5.3. H@ tu van sir dung loc két hop

Loc theo ndi dung khai thac nhitng khia canh lién quan dén céac dic trung noi
dung thong tin cua nhiing ddi tuong can loc. Trai lai, loc cong tac khai thac nhirng
khia canh lién quan dén thoi quen str dung céc loai thong tin khac nhau ctia mdi
nguoi dung. Mdi phuong phap déu c6 nhitng thé manh va han ché nhat dinh, do vay
dé phat huy diém manh va han ché nhimg diém yéu cua timg k¥ thuat tu van riéng
1¢, cac phuong phap loc két hop dugc dua ra nham cai thién hiéu qua tu van san
pham méi phu hop téi ngudi dung hién thoi [1][12]. Nhidu két qua so sanh di
chtng to phuong phap loc két hop cho lai két qua du doan t6t hon so véi cac
phuong phép loc cong tac va loc ndi1 dung thuan tuy. Bac biét, loc két hop han ché

anh huong ctia van dé dir liéu thua va nguoi dung méi [46].

Loc két hop 1a phuong phap két hop cac k¥ thuat tw van khac nhau. Trong dé
c6 bén xu hudng chinh 1a: 1) Két hop cac két qua du doan cua loc cong tac va loc
ndi dung trong loc két hop; 2) Két hop déc tinh cua loc ndi dung vao loc cong tac;
3) Két hop dac tinh cia loc cong tac vao loc ndi dung; 4) Xay dung mod hinh hop

nhét giira loc cong tac va loc ndi dung [4][47].



32

(1) Tw van (2) CF Tw van
(Drde(=) @)

(3) Mb hinh (4)

Tw van Tw van
@ . »0 (& )=0

Hinh 1.7. Cac phuong phap két hop loc cong tac (CF) va loc ndi dung (CBF) [2]

Céc phuong phap loc két hop s& duoc trinh bay cu thé dudi day.
1.5.3.1. Két hop cac két qua dw dean ciaa CF va CBF trong loc két hep [12]

Két hop tuyén tinh c6 trong sb

La phuong phap xay dung hai md hinh lgc ndi dung va loc cong tac doc lap
nhau. Két qua danh gia du doan cta toan bd mo hinh duoc két hop véi nhau theo
mot ham tuyén tinh. Uu diém cta phuong phap nay 1a ké thira duoc phuong phap
biéu dién va tinh todn vén c6 cua cac phuong phap loc co s6. Nhugc diém 16n nhét
ciia mo hinh nay 13 cho lai két qua khong cao vi chua c6 su két hop hiéu qua giita
ndi dung va danh gia nguoi dung. P-tango [48] 14 hé tu van duoc xdy dung dua trén

k¥ thuat nay.

Két hop chuyén doi
Phuong phap két hop chuyén ddi cho phép linh hoat trong viéc lya chon
phuong phap tu van theo loc cong tac hay loc theo ndi dung tiy thudc vao thé manh

ctia mdi phuong phép ap dung tai ting thoi diém khac nhau cta hé thong.

Vi du khi san phim méi tham gia vao hé thong, néu 4p dung phuong phéap loc
cong tac thi khong thé tu van cic san pham phi hop cho nguoi ding hién thoi, do
san phdm nay chua c6 danh gia bai bt ky nguoi dung nao trong hé théng. O tinh

hudng nay thi hé théng s& chuyén d6i sang phuong phap loc theo ndi dung nham
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khai thac thé manh ctia phuong phap nay. Trong truong hop khac khi hé théng thu
thap dugc nhidu danh gia cho ma tran danh gia ngudi ding — san pham thi hé thong
s& chuyén dbi sang phuong phap loc cong tac nhim khai thac thé manh cua loc cong
tac. Viéc chuyén doi phuong phap 1a linh dong trong ting truong hop dir liéu tai cac

thoi diém khac nhau.

Mic du phuong phap két hop chuyén d6i to ra kha linh hoat, phat huy thé
manh va han ché nhuoc diém ctia mdi phuong phap loc co sd. Tuy nhién nhugc
diém chinh ciia phuwong phap nay 1a kha phirc tap trong viéc xac dinh diéu kién va
gia tri cac tham sb can thiét cta hé thong [47]. DailyLearner [49] 1a hé tu van st

dung phuong phap két hop chuyén dbi giita loc cong tac va loc ndi dung.

Két hop ghép tang

Phuong phap két hop ghép ting cho phép ghép ndi danh sach cac san pham tu
van duogc dua ra boi hai phuong phap tu van co sd (CF, CBF) trén nguyén tic danh
sach cac san phém dugc dua ra bdi phuong phap tu van dau tién s& duoc loc lai mot
1an nita boi phuong phéap tu van tht 2. Phuong phap két hop nay dwoc danh gia 1a
kha hiéu qua, dong thoi cho phép ké thira dugc phuong phap biéu dién va tinh ton
vbn c6 clia cac phuong phap tu van co sd. EntreeC [47] 1a mot vi du cho phuong

phap nay.

Két hop hon hop

Phuong phéap két hop hdn hop cho phép thuc hién dong thoi cac phuong phap
loc co sd, két qua tu van cudi cung s& 1a tong hop két qua tu van cua cac phuong
phap loc riéng 1é. Vi du ctia hé tu van sir dung phuong phap nay 1a hé théng PTV
[50], day 1a hé thong cho phép tu van lich phat song truyén hinh. Ngoai ra mot sé hé
tu van khic dugc biét dén cling st dung phuwong phap két hop hdn hop nhu
Profinder [51] va PickAFlick [52].

1.5.3.2. Két hop dic tinh caa loc ndi dung vao loc cong tac [46][53]
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La phuong phap dua trén cac ky thuét loc cong tac thudn tay nhung van duy
tri hd so nguoi ding nhu mot tham bién tham khao khi tinh toan su twong tu gitta
cac cap nguoi dung. Trong truong hop dit liéu thua hodc ngudi duing méi, mic do
tuong tu gitta hd so ngudi dung va san pham sé duoc xem xét dén dé tao nén du

doan.

1.5.3.3. Két hop dic tinh caa loc céng tac vao loc ndi dung [26][54]

La phuong phap xem xét cac danh gid nguoi dung cua loc cong tdc nhu mot
thanh phan trong mdi hd so ngudi dung. Phuong phap dy doan thuc hién theo loc
ndi dung thuan tay dua trén biéu dién ho so ngudi dung mé rong. Phuong phap phod
bién nhat thyc hién theo mé hinh nay 14 st dung cac k¥ thuat giam sb chiéu cho hd
so ngudi dung trude khi két hop voi danh gia nguoi dung. Pipper[25] 1a hé thong tu
van phim cho phép két hop cac danh gia ctia loc cong tac vao 1a dic trung cua loc

ndi dung.

1.5.3.4. Két hop ting cwong dic trung [12]

Phuong phap két hop ting cudng 1a mot dang manh hon cua phuong phép két
hop déc tinh cta loc cong tac vao loc ndi dung hodc két hop déc tinh cta loc noi
dung vao loc cong tac. Phuong phap két hop nay dya trén dit liéu dau vao 1a tap hop
cac danh gia cia nguoi dung véi san pham va mot s6 thong tin khac thu duoc tir
phuong phap tu van trudc d6, nhu vdy md hinh hoc dir lidu ctia hé tu van ciing co
su bo sung diéu chinh. Vi dy hé thong tu van sach Libra [45] 4p dung phuong phap
tu vin dya vao phuong phap loc theo ndi dung véi dit liéu c6 duoc tir hé théng cua

Amazon, trong d6 moé hinh hoc dir liéu dugc str dung 1a Nai“ve Bayes.

1.5.3.5. Xay dwng md hinh hep nhat giira loc cong tac va lec ndi dung
[55][56]

La phuong phap biéu dién dic trung noi dung va danh gia nguoi dung trén

cung mot md hinh. Két qua du doan dua trén mo hinh dir 1i€u hop nhét cua ca nodi

dung va danh gia ngudi dung. Basu va cic cong su [25] dé xuit sir dung loc cong
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tac va loc ndi dung trong mot bd phan loai don 1é. Schein[57] dé xuat phuong phap
thong ké két hop hai phuong phap dua trén mé hinh phén tich ngit nghia an (LSM).
Ansari[58] dé xuit mo hinh hoi qui dya trén mang Bayes, trong d6 mdi hd so nguoi

ding va san pham dugc biéu dién trong cting mot md hinh thong ke.

1.5.3.6. Nhirng van dé con ton tai véi phwong phap loc két hop

Mic du loc két hop dugc dénh gia 1a cho phép phat huy wu diém va khac phuc
nhugc diém cua ting k¥ thuat tu van riéng 1€, tuy vay phuong phap van ton tai mot

s6 van dé can tiép tuc nghién ctru giai quyét [1][12], d6 1a :

o Thiéu su két hop hiéu quad cdc ddc trung noi dung vao loc cong tac . Khdng
phai tat ca cac dic trung ndi dung ciia san pham déu anh hudng dén thoéi quen
stt dung san pham cua tit ca ngudi ding. Viéc tim ra tap cac dic trung noi
dung c6 anh hudng quan trong dén thoi quen sir dung san pham ctia mdi ngudi

dung cu thé s€ cai thién dang ké két qua du dodn ctia cac mo hinh.

o Thiéu su két hop hiéu qua cac dac trung cua loc cong tdac vao loc noi dung
Cac phuong phap loc cong tac thuc hién du doan dua trén tdp danh gia nguoi
dung d6i véi san pham. Tréi lai, cac phuwong phap loc ndi dung dua trén biéu
dién noi dung san phém va ho so nguoi dung. Viéc thuc hién tinh toan mic do
tuong tu theo ndi dung trén ca ndi dung san pham va danh gia nguoi dung

chua giai quyét triét d€ mau thuan gitra cac cach ti€p can.

e Can nang cao hiéu qua phuong phap biéu dién va dy doan cho mé hinh hop

nhat cho ca loc cong tac va loc ndi dung.

1.5.4. Hé tw van mé rong cach tiép cin truyén thong

Ba phuong phap xay dung hé tu van theo cach tiép can truyén thong trinh bay
trong Muc 1.5.1, Muc 1.5.2 va Muc 1.5.3 néu trén tap trung vao khai thac ba loai
thong tin dau vao, gdm ngudi dung, san pham va phan hoi cia nguoi dung vé san
pham, dé dua ra goi ¥ cac san pham moi phu hop v6i ngudi dung hién thoi. Do vdy

chat luong ciia hé tu van s& phu thudc vao hiéu qua ctia phuong phap loc thong tin
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co s6 (loc cong tac, loc theo ndi dung, loc két hop) trén ba loai théng tin d6. Theo
phan trinh bay & trén, ching ta déu thdy mdi phuong phap theo hudng tiép cin
truyén thong déu c6 nhimg wu diém va han ché nhit dinh can tiép tuc nghién ctu
giai quyét. Chinh vi vy, cac nghién ctru hién nay vé hé tu van dang tap trung theo
hai xu huéng chinh: 1) Cai tién cac phuong phap loc tin truyén thdng trong hé tu
van; 2) Mé rong cac phuong phap tu van truyén thong cho phép tich hop thém cac
ngudn thong tin khac [1][4][9].

Theo xu hwéng thi nhit, cac phuong phap loc két hop (Hybrid Filtering
Recommendation) va cac phuong phap loc dua trén mbi quan tam (Attention-based

Recommendation) dang dac biét dugc quan tdm nghién ctru.

Cu thé, mot s6 nghién ciru vé hé tu van theo phuong phép loc két hop duoc dé
cap dén nhu: Hop nhit loc cong tac va loc ndi dung dé giai quyét bai toan tu van dia
diém cho céc thiét bi di dong [59], ap dung md hinh hoc sau cho loc két hop dé giai
quyét bai toan tu van dich vu web [60], két hop cac phuong phap loc cong tac khac
nhau dya vao giai thuat phan loai da 16p dé dua ra tu van [61] hay khai thac nhimng
tac nhan tiém an ciia nguoi ding va san pham cho hé tu van cong tac két hop dua
trén mo hinh mang no ron nhan tao [62]...Cac phuong phap loc két hop méi nay
dugc danh gia 1a cho d6 chinh xéc t6t, tuy nhién hau hét dang tap trung vao mot sd

bai toan tu van cu thé hodc c6 do phtrc tap tinh todn tuong ddi lom.

Dé cap t6i cac phuong phap loc dua trén mbi quan tdm, day 1a huéng nghién
ctru phat trién cac phuong phép loc tin truyén thong cho hé tu van str dung cic mod
hinh hoc siu dya trén mang no ron nhan tao. Huéng tiép can nay tap trung vao khai
thac tu dong nhirng thong tin lién quan nhét t6i ngudi dung hodc san pham cin tu
van (ving quan tam), thay vi khai thac toan bo thong tin ciia cac ddi twong trong hé
théng, tir 46 nang cao hiéu qua tu van. Mot s6 nghién cru theo hudng tiép can nay
c6 thé ké dén nhu: Phuong phép loc cong tac dua trén mdi quan tam tap trung khai
thac nhitng phan hdi tudng minh ctia ngudi dung véi san pham [9], loc cong tac dua

trén moi quan tdm st dung mo hinh mang no ron nhan tao cho phép khai théac
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nhirng phan héi khong tuong minh khi ngudi dung twong tic véi san pham [63],
mo hinh hoa da dang s& thich cua ngudi dung (Dua vao toan bg lich str str dung san
pham va nhimg ving quan tim cua ngudi dung) trong mot mang no ron nhin tao
sau cho hé tu van [64], mo hinh tu van dua trén mbi quan tdm cy thé cua ngudi
dung voi timg dic trung san pham (thong qua mang luéi ving quan tim) dé giai
quyét bai toan dy doan danh gia [65], ... Cac nghién cru nay chi ra loc dya trén moi
quan tdm nhin chung dugc danh gia 1a cho do chinh xé4c trong di tot va c6 co so 1y
giai duoc 1y do dang sau cac tu véan, tuy nhién viéc ap dung cdc mo hinh hoc sau
yéu cau luong dit liéu huin luyén 13 twong d6i 16n va do phirc tap ciing 16n hon cac

phuong phap tu van truyén thong.

Theo xu huéng thir hai, ngoai cac thong tin co ban 1a nguoi dung, san pham
va phan hoi cia nguoi dung vé san pham duoc khai thac trong hé tu van, cong dong
nghién ctru cling xem xét tich hop thém cac ngudn thong tin hitu ich khac thu nhan

dugc cua h¢ thong vao qua trinh tu van.

Ngay nay cac ngudn thong tin thu thap dugc trong hé théng tu van rat da dang,
mot sb thong tin thu duoc nam ngoai pham vi ba loai thong tin néu trén, vi du dir
liéu vé mdi quan hé két ban (friends), muc do tin cdy cua mbi quan h¢ tor mang xa
hoi (trust),... hodc thong tin ngit canh sir dung san pham ciia nguoi dung hay nhom
ngudi dung tham gia. Cac thong tin nay cha yéu dugc thu thap trong cac qué trinh:
1) Nguoi ding tuong tac voi hé théng; 2) Cac hé thong tuong tac voi nhau; 3) Thu
thap thong qua cac thiét bi thu nhan, cam bién két ndi véi hé théng. Chinh vi vay
ma nhu cu vé tinh c4 nhan hoa voi dit liéu s& cao hon bao gio hét. Ping trudc
thach thirc vé tinh ca nhan héa dir liéu t6i ngudi dung 16n nhu vay dan t6i nay sinh
nhu cau cép thiét vé viéc thiét ké, cai tién va mé rong cac hé tu van truyén théng
nham khai thac toi da cac théng tin khac lién quan giita nguoi ding véi san pham,

tir d6 dua ra tu van cac san pham, dich vu phi hop nhit véi ngudi ding hién thoi.

Trong rat da dang cac di li€u lién két thu thap duogc boi hé¢ tu van nhu vay, ¢

mot loai thong tin bo sung vao hé tu van duoc dic biét quan tim nghién ctru trong
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nhirng nim gin ddy, do6 1a thong tin ngit canh st dung san phdm cia ngudi dung.
Chang han ddi véi hé tu van du lich, yéu té ngit canh c6 thé 1a thoi gian (budi trong
ngay, thoi gian trong tuan, mua), ban dong hanh (mot minh, gia dinh, ban bé).
Nhitng yéu t6 nay hoan toan cé thé anh hudng téi quyét dinh chon dia diém du lich
ctia ngudi dung. Hé tu van s& déng vai trd ghi nhd lai sé thich cua nguoi dung theo
ngir canh dé dua ra nhitng goi ¥ chinh x4c nhat. Cac thong tin ngit canh nay co thé
dén tir nhiéu ngudn, nhu do nguoi ding dwa vao hodc thu thap thong qua cac thiét
bi, cam bién két ndi vao Internet, déu 1a nhirng ngudn thong tin lién quan t&i thoi
quen str dung san phim ctia nguoi dung. Tat ca nhitng thong tin ngi canh da dang
nay cung voi nhitng thong tin thu thap von co trong cac hé tu van truyén théng, néu
dugc khai thac hop 1y s& 1a cong cu hiru ich cung cdp nhing tw van c4 nhan hoa

manh mé téi nguodi dung.

Mic du di c6 mot s6 dé xuat duoc dua ra dé giai quyét bai toan tu van dua vao
nglr canh, nhung mot s6 van dé dién hinh nhu: van dé dir liéu thua, do phtc tap tinh
toan 16n va lam thé nao dé tich hop hiéu qua thong tin ngit canh vao hé tu van vin
1a van dé nghién ctru ma, co6 tinh thoi sy va thu hat dugc nhiéu quan tam cua cong
ddng nghién ciru. Cac két qua nghién ctru ciing chi ra rang viée lya chon mé rong
cac phuong phap tu van truyén thdng pht hop s& anh huong dang ké téi chat luong

cta hé tu van dya vao ngit canh [6].

Trén co s& phan tich nhitng van dé con ton tai cua hai xu huéng chinh trong
nghién ctru vé hé tu van hién nay la: (1) Cai tién cac phwong phép loc tin truyén
thdng trong hé tu van; (2) M rong cac phuong phap tu van truyén théng cho phép
tich hop thém cac ngudn thong tin khc, tic gia tap trung chinh vao nghién ctru dua
ra hai dé xuat giai quyét mot sd vin dé dién hinh con ton tai theo hai xu huéng nay,
c4c phan tich va két qua dugc trinh bay cu thé trong chuwong 2 va chuong 3. Trong
d6, ndi dung chuong 2, tiép can theo xu hudng (2), dua ra co sé Iy luan chi tiét,
nhimg nghién ctru lién quan va dé xuat phuong phap loc cong tac dya trén mo hinh
d6 thi cho hé tu van theo ngit canh. Pong co nghién ctru cho chuwong 2 nhim giai

quyét van dé dir liéu thua va tich hop hiéu qua thong tin ngir canh vao hé tu van.
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No6i dung chuong 3, tiép cén theo xu hudng (1), trinh bay siu chudi co so 1y thuyét
dé dua ra dé xuat vé phuong phap loc két hop cai tién tir cac phuong phép loc tin
truyén thong nham giai quyét van dé dit liéu thwa, don gian trong cai dit va nang

cao do chinh xac tu van.

1.6. Cac phwong phap va d6 do danh gia hé tw van
1.6.1. Phwong phap danh gia hé thong tw van

Trong thuc té, ta cdn chon mot mo hinh théng ké hodc hoc may phu hop nhat
cho hé tu van ciia minh. Van d¢ dit ra 1 1am thé nao dé danh gia d6 chinh xac va

chon ra dugc m6 hinh phu hop trong s rat nhiéu mé hinh dang c6 hién nay.

Pé danh gia d6 chinh xac cua hé théng tu véan, trudc tién tir ma tran danh gia
R ta tién hanh chia cac nguoi ding (cac hang trong ma tran R) thanh hai phan, mot
phan U,,4;, duoc st dung 1am dir liéu huén luyén, phan con lai Uy, duoc st dung dé
kiém tra sao cho Upgin U Urest = U VA Uprgin N Upese = @. Tap dit liéu huan luyén
Utrain duoc dung dé xay dung md hinh theo cac thuit toan loc st dung trong hé¢ tu
van, tap kiém tra U, duoc ding vao qua trinh kiém nghiém thuat toan tu van.
Dué6i day 1a mot s6 céch tiép can dé chia tap nguoi ding U thanh 2 phan Uy,g, VA
Utest [66]:
e Phan chia (Splitting): Chon ngiu nhién mot s hang trong ma tran R (mét tap
con ngudi dung) vao tp huin luyén Ugpgim, phan con lai dwa vao tap thuc

nghiém Upeg:.

e Lay miu Bootstrap (Bootstrap sampling): Chi véi mot tap dit liéu ban dau,
thong qua phuong phap 1y mau c6 hoan lai, ta c6 thé sinh ra mau méi cho vao

tap huan luyén Uy g va phan con lai cho vao tap thuc nghiém Uy,

e Kiém thir chéo (k-fold cross validation): Chia tap nguoi ding U thanh k tap
con ¢d cung kich ¢&. Tién hanh danh gia thuat toan tu van k Ian, tai mdi lan
kiém nghiém sir dung mot trong k tip con 1am tap thuc nghiém (U, VA Cac
tap con con lai 13 tip hudn luyén (Upqm). Két qua kiém nghiém tong thé duoc

lay trung binh tir k 1an kiém nghiém nay.
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I Utrain
I Utest

Hinh 1.8. Phuwong phéap phén chia tap dit liéu phuc vu cho danh gia hé théng tu van

@)

N

Sau khi chia tap nguoi ding U thanh 2 phan Uyqin VA Upes, dé danh gia hé
théng tu van hién thoi ta tién hanh nhu sau: V6i mdi nguoi ding u € U,,g,, cac danh
gid 1, # 0 dugc chia thanh hai phan 0, va B,. 0, duoc coi la da biét, trong khi d6

P, 1a danh gia can du doan tir dit liéu huan luyén Uy, 4, Va 0, (Hinh 1.8).

Gia stir phuong phap loc dua ra dy doan cho nguoi dung trong tap B, 1a P',, . Khi
d6 két qua danh gia cho hé tu van hién thoi s& dya trén su ddi chiéu cac danh gia tir

hai tap P, va P',,.

Hai nhiém vu chinh cta hé tu van 1a dy doan danh gia va tu van danh sach ngén
cac san pham cho ngudi ding hién thoi. Can cit theo hai nhiém vu d6 thi c6 hai
nhém do do danh gia hé thong tu van twong ung 1a: 1) Nhém d6 do danh gia do
chinh xac cua danh gia du doan; 2) Nhom d¢ do danh gia d6 chinh xac cia danh
sach san pham tu van. Cac do do danh gia hé tu van nay déu khai thac thong tin tir
P, va P’,,. Phan trinh bay duéi day sé& cu thé hoa cac nhom do do nay.

1.6.2. Py do danh gia do chinh xac cia danh gia du doan

Do do dién hinh dé danh gia tinh chinh x4c cta gia tri du doan ma hé tu van dua
ra s& can cr trén do sai sb gitta gia tri du doan va gia tri thuc té. C6 nhiéu phuong
phap danh gia sai s6 phan loai khac nhau da duoc dé xuat. Dudi day 1a mot s6 do do
phé bién.

P do trung binh gia tri tuyét ddi 16i MAE

Mot d6 do pho bién nhét duoc sir dung danh gia sai sb gitra gia tri danh gia du
doan va gia tri danh gia thuc té trong hé tu van 13 d6 do trung binh gia tri tuyét doi
16i MAE (Mean Absolute Error).
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Sai s6 du doan MAE,, véi mdi nguoi dung u thude tip dit lidu kiém tra Uy,
duoc tinh bang trung binh cong cua sai s6 tuyét ddi gitra hai gia tri duoc du doan va
gia tri thuc ctia ngudi dung u véi tat ca cac san pham thudc tap P,.

1 1.17
MAEu=—2 IR — ¥ (1.17)
|2 |

XEPy
Sai s6 du doan trén toan tap dir ligu kiém tra dugc tinh béng trung binh cOng sai

sO du doan cho mdi ngudi ding thudc Uy,

_ YueUese MAE, (1.18)

Ukt

P do trung binh 16i iy cin RMSE

MAE

Mot do do thong dung khac ciing duoc st dung dé danh gia gia tri du doan 1a
binh phuong trung binh 15i lay cin RMSE (Root Mean Square Error). RMSE duoc

tinh bang cin bac hai cia trung binh binh phuong giira gia tri thuc va gia tri du

doan.
1 (1.19)
RMSE, = |== > (" = 1)’
|Pu| XEP,
— Zueutest RMSEU (120)

b6 do RMSE duoc st dung trong truong hop chi trong dac biét vao danh gia
dd chinh x4c cho nhitng dy dodn c¢o sai s6 1on véi gia tri thuc té, hon 1a nhirng gia
tri du doan co sai s6 nho so véi gia trj thuc té.

Gia tri MAE, RMSE cang nho ching to hé tu van cho két qua cang chinh xac.
1.6.3. P9 do danh gia d chinh xac ciia danh sich sin pham tr van

Gia sir tir ma tran danh gia R, gia tri danh gia cua ngudi ding voi san pham
dugc chia thanh 2 loai: danh gid thich va danh gid khong thich. Nhitng danh gia
thich 1a danh gia c6 gié tri I6n hon hodc bang mot ngudng 6 cho trudc, nhirng gia tri

danh gia khong thich l1a danh gia c6 gia tri nhé hon ngudng 6.
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Dé danh gia do chinh xac cua danh sach san pham tu van véi nhitng san pham
thue té thich boi nguoi ding thudc tap P (Hinh 1.8), ta tién hanh xay dung ma tran
nham 1an (Confusion matrix) sau:

Bang 1.1. Ma trdn nhdm 14n (Confusion matrix)

Panh gia thuc té / Panh gia dw doan | Khong thich Thich

Khdng thich a b

Thich c d
Trong do6 :

e Tong sb san pham thugc P tu van cho cac ngudi dung trong Uy, 1 (d + b) :
o d san pham tu van ciing 1a nhitng san pham thyc té thich béi nguoi dung.
o b san pham tu van nhung lai 1 nhitng san pham thyc té khong duoc
thich boi nguoi dung.
e Tong sd san pham thuoc P khong dugc tu van cho cac nguoi ding trong U,
la (a + c) gom :
o a san pham khong duogc tu van va thyc té cac san pham nay ciing khong
duogc thich boi nguoi dung.
o ¢ san pham khong dugc tu van nhung thuc té cic san pham nay dugc
thich boi nguoi dung.

Tt ma trdn nham 13n, mot sé dd do tinh chinh x4c cua danh sach san phém tu
van duoc dua ra, cac do do nay c6 ngudn gdc tir linh vuc hoc may. Duéi day 1a mot
s6 d6 do phd bién.

Do chinh xac (Precision), d) nhay (Recall), E-measure, F-measure

Hé tu van dua ra mot danh sach ngan cac san pham ngudi dung c6 thé thich tir
mot tap cac san phim c6 sin cta hé thdng. Pidu nay twong duong vi qua trinh loc
thong tin trong linh vuc truy van thong tin (Information Retrieval — IR). Do vay, céc
d6 do hiéu niang tiéu chuan trong loc thong tin thudng duoc sir dung dé danh gia
hiéu nang hé tu van. Hai trong sé cac do do do6 1a do chinh xéc (Precision), do
nhay (Recall) [66]. P chinh xac va d§ nhay duoc xac dinh theo cong thirc sau :

e Do chinh xac (Precision)
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d (1.21)

Precision =
b+d

Trong do :
o d san pham tu van trong tap P cling 12 nhitng san pham thuc té dugc
thich bdi nguoi dung thudc U, .

o b+ d :tong sb san pham trong tap P tu van cho ngudi ding trong U,

e D0 nhay (Recall)

Recall = —— (1.22)
c+d

Trong do6 :
o ¢+ d: tdng sd san pham trong tap P thuc té thich boi cac nguoi dung
trong Uyps:-
D0 chinh xac va do nhay co6 gia tri ngugc nhau: d§ chinh xac cao thi d6 nhay
thép va nguoc lai. Pé can bing gitra 2 do do nay, mot do do méi duogc dua ra do la

E-measure [66] theo cong thirc sau :

1 (1.23)
t(—)+ (1 - ) ()

Precision

E — measure =

Recall
Tham sé a 13 do léch cho trude gitta Precision va Recall. Gia tri a € [0,1].
Trong trueong hop a = 0.5 khi d6 Precision va Recall c6 vai trd nhu nhau

trong viéc danh gia do chinh xéac cua hé thong. Véi truong hop nay, d6 do E —

measure dugc dinh nghia vadi tén méi F-measure (hay F1)[66] theo cong thirc sau:

2 X Precision X Recall 2 (1.24)
- 1 1

F — measure = —
Precision + Recall

Precision Recall
Gia tri F — measure cang cao thi chimg to hé théng tu van cho két qua cang
chinh xac.
Tuy nhién trén thuc té thi s6 lwong két qua tra vé& s& rat Ién ma nguoi dung
khong can thiét lya chon hét nén chi sé Precision khdng con miy y nghia. Vi vay

nguoi ta thudng sir dung chi s Precision@k dé c6 thé danh gia két qua tra vé
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chuén xac hon. Precision@k khac véi Precision & chd chi lya chon top k san

pham c6 gia tri du doan cao nhat dé danh gia.
| Peruel (1.25)
Precision@k = ——————
recislon@k = ik IPD

Trong do:

o |P.yue|: TONG 56 két qua chinh xé&c trong top k san pham duogc chon tu van.

e |P|: Tong s6 luong két qua.

Precision@10 sé& thé hién rang cr 10 goi ¥ toi ngudi dung thi s& c6 bao nhiéu
go1 y dugc nguoi dung lua chon.

Recall@k ciing 1a mot chi s6 danh gia pho bién thé hién xac suat goi y thanh
cong trong s6 top k san pham duoc chon tu van, dugc tinh bang coéng thic sau:

| Peruel (1.26)
Recall@k = ———
ecall@k = L in(k M)
Trong do:

o |Piyue| s TONg s6 két qua chinh xac trong top k san pham dugc chon tu van.

e M :Tbng sb luong lua chon caa nguoi ding.

P chinh xac trung binh tuyét déi MAP (Mean Average Precision)

MAP 14 mot chi s6 danh gia phd bién khéc cua hé tu van. Y tuéng cua MAP a
ngoai van dé thé hién sy hiéu qua caa nhiing goi y nhu Precision, MAP con thé
hién tinh dung din vé tha hang caa nhiing goi y. Chang han nhu d6i voi Precision,
nguoi dung chi lya chon 1 trong 10 goi y thi du do 1a goi thir 1 hay thir 10 thi gia tri
Precision van 1a 0,1. Nhung doi véi MAP thi khac, néu nguoi dung lya chon goi ¥
th 1 thi gia tri MAP s& 16n hon néu ngudi dung chon goi ¥ thi 10.

Ciing nhu Precision, nguoi ta thuong st dung MAP@k Véi k 1a s6 luong san
pham hé thdng chon dé tu vin cho nguoi ding. MAP@k duogc dinh nghia théng qua
AP@k (Average Precision) dudi day.
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K 1.27)
1 (
AP@k = EZ(Precision@i néu san pham th& i phu hop)
i=1

k
1
— —Z Precision@i.rel(i)
me

Trong do:
e rel(i) = 1 néu san pham tha i phi hop véi nguoi dung, rel(i) = 0
trong truong hop con lai.
e m: tong s6 luong san pham lién quan.
b9 do AP@k dugc ap dung dé tinh dd chinh xéc trung binh cho mdi nguoi
dung thudc tp Uy, Trén co sé d6, dd chinh xac trung binh tuyét d6i MAP@Fk cho
tat ca nguoi ding trong tip U,es duoc tinh bang trung binh cong AP@k cia céc
nguoi dung trong Uy

1 | Utest| (1.28)
MAP@k = z (AP@K),,
| Utestl im1

1.7.  Cac ngudn tai nguyén hd tro hoc tip, nghién ctru hé tw van

Hé tu van khong chi don thuan 1a mét dang hé théng thong tin ma nd con la ca
mot linh vuc nghién ctru hién dang rat duoc cac nha khoa hoc quan tam. K& tir ndim
2007 dén nay, hang nam déu c6 hoi thao chuyén vé hé tu van cia ACM (ACM
RecSys) ciing nhu cac tiéu ban danh riéng cho RS trong cac hdi nghi 16n khac nhu
ACM KDD, ACM CIKM,...Ngoai ra, voi su phat trién ngay cang 16n manh cta hé
tu vin, mot s tip dit liéu dung chung (LastFM, MovieLens, Bibsonomy,...) va céc
phan mém hd trg/ ngudon méd da duoc cung cap nham hd tro cac nha phat trién trong
xdy dung san pham ciing nhu nghién ciru vé hé tu van dugc nhanh hon. Bang dudi
day liét ké mot s phan mém / ngudn mé hd tro xay dung va kiém nghiém hé tu van

dugc cong dong cac nha phat trién cung cap [66].

Bang 1.2. M6t s6 phan mém hd trg nghién ctru, phat trién hé tu van
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Phin mém Miéu ta Ngon ngit URL

Apache Mahout | Thu vién hoc may xu ly | Java http://mahout.apache.
voi cac bd dixr liéu 10n, org/
trong d6 bao gdm cai dit
cac thuét toan tién tién vé
loc cOng tac. Viéc tich hop
thu vién nay vao hé tu van
kha ngan gon, don gian.

Cofi Thu vién loc cong tac co | Java http://www.nongnu.or
s0. g/cofi/

Crab Thu vién cung cap mot tip | Python | https://github.com/mu
da dang cac thanh phan ricoca/crab
gilp xay dung va tinh
chinh hé tu van tir cac thuat
toan loc thong tin truyén
théng.

Easyrec Framework phat trién hé tu | Java http://easyrec.org/
vén trén nén Web.

LensKit Thu vién loc cOng tac co so | Java http://lenskit.grouplen
dua ra bdi nhém nghién s.org/
ctru GroupLens.

MyMediaL.ite Thu vién cai dat cac giai | C#/Mono | http://www.mymedial
thuat xay dyng va kiém ite.net/
nghi¢m hé tu van co so.

PREA BO cong cu cai dat cac | Java http://prea.gatech.edu/
thuét toan tu van.

SVDFeature Thu vién cai dat giai thuat | C++ http://mloss.org/softw
Matrix Factorization. are/view/333/

Vogoo PHP LIB | Thu vién loc cong tac cho | PHP http://sourceforge.net/



http://mahout.apache.org/
http://mahout.apache.org/
http://www.nongnu.org/cofi/
http://www.nongnu.org/cofi/
https://github.com/muricoca/crab
https://github.com/muricoca/crab
http://easyrec.org/
http://lenskit.grouplens.org/
http://lenskit.grouplens.org/
http://www.mymedialite.net/
http://www.mymedialite.net/
http://prea.gatech.edu/
http://mloss.org/software/view/333/
http://mloss.org/software/view/333/
http://sourceforge.net/projects/vogoo/
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xdy dung hé tu vin trén

nén Website.

projects/vogoo/

MLib

Thu vién loc cong tac dua
trén mo hinh. Trong do, céac
ngudi dung va san phidm
dugc mo ta bing tip céc
nhan t6 tiém an (Latent
factors). Mlib su dung
thuat toan ALS
(Alternating Least Squares)
dé hoc céc dit lidu tiém an

nay.

Java

http://spark.apache.or

g/docs/latest/mllib-

collaborative-

filtering.html

LibRec

Thu vién cua Java GPL-
licensed dung dé cai dat hé
tu van. Thu vién ndy cai
dat san cac thuit toan tu
van tién tién hién nay

(khoang hon 70 thuat toan).

Java
(phién
ban

tré 18n)

1.7

http://www.librec.net/

RecommenderLab

Package cung cap co so ha
tang dé phat trién va kiém
thr cac thuat toan tu van
trong mot framework thong
nhat, xir Iy va phan tich dir

liéu nhanh chong.

https://github.com/mh

ahsler/recommenderla
b

1.8. Két luan chwong 1

Noi dung chuong 1 da trinh bay 1am rd khai niém cua hé tu van, pham vi ing

dung va phat biéu bai toan hé tu vin ¢ muc téng quat. Dé giai quyét bai toan tu van

thong thuong gdm c6 3 giai doan chinh: 1) Thu thap thong tin; 2) X4y dung md

hinh; 3) Du doan danh gi4, dua ra tu van san pham phu hop v6i ngudi dung hién



http://sourceforge.net/projects/vogoo/
http://spark.apache.org/docs/latest/mllib-collaborative-filtering.html
http://spark.apache.org/docs/latest/mllib-collaborative-filtering.html
http://spark.apache.org/docs/latest/mllib-collaborative-filtering.html
http://spark.apache.org/docs/latest/mllib-collaborative-filtering.html
http://www.librec.net/tutorial.html
http://www.librec.net/
https://github.com/mhahsler/recommenderlab
https://github.com/mhahsler/recommenderlab
https://github.com/mhahsler/recommenderlab
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thoi. Ba giai doan nay két hop v6i nhau tao thanh mot qui trinh x4y dung hé tu van

noi chung.

C6 nhiéu dé xuit khac nhau dé giai quyét bai toan tu van theo “Qui trinh xiy
dung hé tu vin”. Tuy nhién vé co ban thi hé tu vin dugc chia thanh hai huéng tiép
can tuy vao viéc lua chon loai thong tin, mé6 hinh hoc va du doan san phém moi cho
ngudi ding, d6 1a: 1) Hé tu van voi cach tiép cén truyén thdng; 2) Hé tu vin mo
rong cach tiép can truyén théng. Trong d6 hudng tiép can thtr 2 duoc mo rong ra tir
huéng tiép can 1 trong xu thé gia ting da dang cic nguodn thong tin thu thap da
chiéu va nghién ctru cai tién cac phuong phap loc tin truyén théng trong hé tu van.
Theo ca hai hudng tiép can nay thi chat luong cua hé tu van s& phu thudc vao hi¢u
qua ciia phuong phap loc thong tin trén cac thong tin dau vao cta hé thong. Bén
canh nhitng nghién ctru co ban va mé rong vé hé tu van vé 1y thuyét, luan an ciing
tién hanh khao sat cac phuong phap va do do danh gia hé tu van, dy 1a co so dé céc
nha phat trién lya chon mot mo hinh tu vin phut hop cho hé thong ciia minh. Ngoai
ra luan 4n ciing chi ra cac nguon tai nguyén hd tro hoc tap, nghién ctru hé tu van

phd bién hién nay.

Cac noi dung trén lan luot duoc trinh bay va xau chudi lai trong cac phan muc
ctia chuong 1- Téng quan vé hé tu van. Trén co s d6, luan an tap trung vao nghién
clru phét trién mot s6 phuong phap tu vin voi muc tiéu cu thé sau:

e Nghién ciru va dé xuat phuong phap han ché anh huéng van dé dir liéu thua
ctia hé tu van cong tac truyén théng dua trén mé hinh do thi va mé rong cho
phat trién hé tu van cong tac theo ngit canh. Phuong phap dé xuit duoc trinh
bay trong Chuong 2.

e Nghién ctru va dé& xuat phuong phap loc két hop bing dong huin luyén dé
nang cao chat luong tu van. Phuong phép dé xuat duoc trinh bay trong

Chuong 3.
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CHUONG 2: PHAT TRIEN PHUONG PHAP LOC CONG
TAC DUA TREN MO HINH PO THI CHO HE TU VAN
THEO NGU CANH

Noi dung chwong 2 trinh bay két qua nghién ctru cia luin an vé dé xuét
phuong phap loc cong tac theo ngit canh dya trén moé hinh d6 thi, nham tich hop
hiéu qua thong tin ngit canh va giai quyét van dé dir liéu thua cho hé tu van theo
ngir canh. Trudc hét, van dé dir liéu thua cia loc cong tac va cac hudng giai quyét
duogc trinh bay trong Muc 2.1, trong d6 tip trung vao huéng tiép can lién quan truc
tiép t6i dé xuat cua luan an. Muc 2.2 trinh bay dé xuat vé do do tuong tuy mdi cho
loc cong tac dua trén mo hinh do thi (Khi khéng co ngit canh). Muc 2.3 trinh bay
bai toan tu van theo ngit canh kém cac hudng tiép can giai quyét, trén co s& do tac
gia dua ra d& xuat phuong phép loc cong tac dua trén mo hinh d6 thi cho hé tu van
theo ngit canh. Muc 2.4 trinh bay vé két qua thuc nghiém, so sanh va danh gia
phuong phap dé xuat trong su so sanh véi cac phuong phap xay dung hé tu van theo
ngir canh co s&. Muc cubi cing 2.5 13 két luan va hudng nghién ciru tiép theo. Day

cling 1a nhimng két qua nghién ctru da duoc cong b trong [C1][C3][C7][C4][I2].

2.1. Pitvan dé

Nhu d3 trinh bay trong muc 1.5.1.3 ciia Chuong 1, mot trong sd kho khin
chinh ma cac phuong phap loc cong tic gip phai la van dé dit liéu thua [1][10]. Véan
dé dit liéu thua anh hudng truc tiép dén két qua tinh toan mirc do twong tu, xac dinh
tap lang giéng va nhiéu van dé lién quan khac trong loc cdng tac. Chinh vi vay, han
ché anh hudng van dé dir liéu thua 13 mot trong nhitng trong tim nghién ctru cua loc
cong tac. bPé giai quyét van dé dir liéu thua cho loc cong tac, mot $6 hudng tiép can
dugc dua ra, dién hinh nhu 2 huéng: 1) Giam s chiéu ciia ma tran danh gia; 2)
Khai thac cac mdi lién hé gian tiép trén ma tran danh gia.

Hudng tiép can giam sb chiéu ctia ma tran danh gia dugc thyc hi¢n béng cach

tao nén ma tran tuong tac dac hon so véi ma tran thua thét danh gia ban dau, sau d6
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stt dung ma trén nay dé tinh toan mic do twong quan giita ngudi dung hodc san
pham. Chién lugc don gian nhat dé giam sd chiéu ctia ma tran danh gia 1a tao 1ap
nén cac cum san pham, cum ngudi dung hodc cum dir lidu chira ca ngudi dung va
san pham, sau d6 sir dung nhitng cum nay nhu nhitng don vi co ban dé sinh ra du
doan [28][67]. Ngoai ra, phuwong phap giam sb chidu cia ma tran danh gia bang cac
k¥ thuat thong ké 1a mét chién luge khac ciing rat dugc quan tim nghién ctru, nhu
viéc st dung phuong phap phat hién ngit nghia an (LSM) dua trén k§ thuat phan ra
gia tri riéng (SVD), cai tién phuong phap phan cum s dung k¥ thuat phan tich
thanh phan chinh (PCA)... [68][69][70][71]. Tuy nhién, trong nhiéu trudng hop
thong tin hitu ich c6 thé bi mét trong qué trinh giam chiéu ma tran 1am giam hiéu

qua tu van.

Hudng tiép can chinh thir 2 giai quyét van dé dir lidu thua bang viéc khai thac
cac moi lién hé gian tiép trén ma tran danh gia, trong d6 mo hinh do thi 1 dang biéu
dién tat ca cac modi lién két tiéu biéu. Phuwong phép loc cong tac dya trén mo hinh dd
thi dé xuét dau tién bai Huang va cac cong su [35] duoc thuc hién can cir vao viéc
tinh mic d6 phu hop cua san pham véi ngudi dung thong qua cac mdi lién két tir
dinh nguoi dung toi dinh san pham trén d6 thi. Phuong phap Random Walk duogc dé
xuét boi Fouss [72] can ctr trén mic dd tuong tu gitra cac dinh trén dd thi. Mot sb
huéng tiép can khac coi viéc du doan mirc d6 phu hop cua ngudi ding véi san
pham 13 viéc du doan lién két sir dung cac phuong phap hoc may c6 giam sat [73].
Yang va Toni [74] & xuét phuong phap giam sé chiéu cta dit liéu dung cho hé tu
van bang viéc phan cum cac d6 thi ngudi dung. Deladiennee va Naudet [75] dua ra
giai phap biéu dién tri thirc linh vuc dé nang cao chét lugng tu van trong cac linh
vuc phic tap. Ngoai ra mot sé nghién ciru ciing mé rong tich hop thém cac thong
tin vé dic trung san pham cung véi thong tin nguoi dung, san phiam trén mot mo
hinh d6 thi dé phuc vu cho hé tu van dya vao phuong phap loc két hop [54]. Trong
d6 co thé ndi cong trinh nghién ctru cua Huang va cac cong su [35] duoc coi 1a dat
nén mong cho ¥ tudng xay dung hé tu van dua trén mé hinh d6 thi & qui mé téng

quat.
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Mo hinh dé xuét boi Huang va cac cong su [35] cho phép biéu dién tt ca quan
diém cta nguoi dung d6i v6i cac san pham trong loc cong tic bang mot do thi hai
phia (Bipart Graph Model), trong d6 moét phia 1a tap dinh nguoi dung, phia con lai
1a tap dinh san phiam, mdi canh ndi tir dinh ngudi ding tdi dinh san pham dugce thiét
1ap néu nguoi dung dd dwa ra phan hoi téi san pham (danh gia / mua...). Trén co s&
biéu dién d6 thi do, Huang va cac cdng su khai thac tat ca cac mdi quan hé béc cau
tir dinh nguoi ding toi dinh san pham trén do thi dé thyc hién tinh toan truc tiép
mitc do pht hop ciia cac san pham moi voéi nguoi dung hién thoi. Viéc tinh toan
mirc d6 phut hop ctia cac san pham mai v6i nguoi dung hién thoi sé duge tinh bang
tong trong s6 cac duong di tir dinh ngudi ding toi dinh san pham trén d6 thi, trong
d6 trong s mdi dudng di c6 gia tri bang tich trong sé cac canh trén duong di do. Tir
d6 hé thdng s& chon ra K san pham méi c6 mitc d6 phut hop cao nhat dé tu van cho
ngudi dung hién thoi.

Phuong phap cua Huang va cac cong su dugce danh gia 1a cai thién chét luong
tu vin hon cac phuong phéap loc cong tac dua trén do twong quan trudc d6 (Dé cap
trong 1.5.1). Tuy nhién theo cach tiép can nay, mot sd mdi quan hé khong can thiét
hoic gdy nhifu c6 thé xuét hién trong khi mé rong d6 dai duong di tir dinh ngudi
dung toi dinh san pham trén do thi, diéu nay hién dang anh huong truc tiép toi viée
tinh muc d6 phi hop ciia ngudi ding véi san pham, dan t6i 1am giam do chinh xéac

tu van.

Nham phat huy thé manh ctia mé hinh d6 thi trong viéc khai thac cac mdi quan
hé truc tiép va bic cau giita cac dinh giup giai quyét van dé dir liéu thua, dong thoi
khac phuc nhugc diém trong phuong phap ctia Huang va cac cong sy noi trén, trong
Muc 2.2 tiép theo luan 4n trinh bay dé xuat mot phuong phap méi tinh toan mirc do
tuong tu giita cac cip ngudi dung hodc san pham dya trén mo hinh d thi. Trén co
s& do do tuong tu dua trén mo hinh dd thi dé xuét cho hé tu van cong tac vai cach
tiép can truyén théng dua ra trong Muc 2.2, luin 4n mé rong do do twong ti nay cho

phat trién hé tu van cong tac theo ngit canh trong muc 2.3.
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2.2. Dj do twong tu cho loc cong tac dwa trén md hinh do thi

V& ban chat, cac phuong phap loc cong tic dua trén mo hinh d6 thi déu tién
hanh giai quyét ba van dé: 1) Phuong phdp biéu dién do thi cho loc céng tic; 2)
Phwong phdp tinh todn mirc dé twong tw gitta cdc cdp ngwoi ding (hodc san phdm)
hodic tinh mitc @6 phit hop ciia san pham véi nguoi dimg; 3) Xdy dung thudt todn
dy dodn quan diém ciia nguoi ding doi véi cdc san pham dwa vao do thi.

Trong phan ndy, tic gia md rong md hinh biéu dién trén do thi duoc dé xuit
bdi Huang va cac cong su nham dé xuat phuong phéap tinh muc do tuong tu gitra
cac cap ngudi dung hodc gitra cac cip san phdm cho hé tu van cong tac duwa trén
biéu dién d6 thi nay. Chi tiét ctia phuong phap tinh mic do twong tu cho loc cong
tac dya trén mo hinh d6 thi dé xuat duoc trinh bay trong hai noi dung duéi day: 1)
Biéu dién d6 thi cho loc cdng tac; 2) Do do twong tu cho loc cong tac dua trén biéu
dién do thi.

2.2.1. Biéu dién d6 thi cho loc cdng tac

Gia sir cho hé loc cong tac gom N nguoi ding U = {uy, uy, ..., uy} VA M san
pham P = {p;,p,, ..., Py }. Mbi quan hé giira tap nguoi dung U va tap san pham P
duoc biéu dién théng qua ma tran danh gia 1a R = [rij] voi i = 1,2,..,N;

j=12..,M.

Khong han ché tinh tong quat ctia bai toan, ta gia sit 7;; = v néu ngudi dung
u; € U danh gia san phdm p; € P & mirc do v, trong d6 v € (0,1] ( Gia tri v cang
cao thi mirc do wa thich cang Ién) va r;; = 0 trong trudong hop con lai.

{ v Néungudidung u; thich san pham p; & mirc do v. (2.1)
rij =

0 Néunguwoi dung u; chwa bi€t hodc chwa danh gia san pham p;.
Biéu dién ma tran danh gia theo (2.1) s& khong anh huong dén cac hé théng
loc cong tac sir dung danh gia nhi phan {0,1} hodc c6 nhiéu muc danh gia trong
khoang [0,1]. Déi véi cac bo dir liéu co gia tri danh gia r; €{1,2,..,9}, ta chi can

A , e X - . X Tij , , cn X X
thuc hién phép bi€n do1 don gian chuyén r;; = f. Muc dich cua viéc chuyén doi
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r;; € [0,1] dé st dung trong phwong phap tinh toan muc do tuong tu giita cac cip
ngudi dung hodc cac cip san pham. Phép bién d6i nay van bao toan duoc muic do
danh gia theo thtr tu khac nhau cua cac hé loc cOng tac. Pay la mot biéu dién mo
rong cua Huang va cac cong sy da thuc hién trong [35].

Vi du véi hé loc cong tac dugc cho trong Bang 2.1 gém 3 nguoi ding
U = {uy,uy,us} Va 4 san pham P = {p;, p,, P3,Pa}. MOi ngudi ding dua ra cac
danh gid cia minh vé cac san pham theo thang bac {1, 2, 3, 4, 5}. Gia tri r; =0
duogc hiéu 1a nguoi ding u; chua danh gia hodc chua bao gid biét dén san pham p It
Gia tri r3; =? 12 gia tri danh gia hé thdng can du doan cho nguoi dung us; véi san
pham p,. Nhu vay hé loc cong tac duoc cho trong Bang 2.1 s& dugc chuyén doi
biéu dién theo (2.1) thanh Bang 2.2.

Bang 2.1. Vi du ma tran danh gié cua loc cong tac

P1 P2 P3 Py
Uy 3) 0 4 0
U, 3 0
Us ? 3 ? 2

Bang 2.2. Ma tran danh gia chuyén doi

P1 P2 P3 Py
Uy 1 0 0.8 0
Uy, 0 0.6 0.8 0
Usg ? 0.6 ? 0.4

Hé loc cong tac véi ma tran danh gia xac dinh theo (2.1) hinh thanh nén mét
d6 thi hai phia, mot phia I tap nguoi ding, phia con lai 1a tap san pham, ky hiéu la
d6thi G =< V,E >. Tap dinh V caa d thi dugc chia thanh hai tap: tap dinh nguoi
ding va tap dinh san pham (V = U U P). Tap canh E cta d6 thi dugc xac dinh theo
cong thirc (2.2). Mdi canh e; ;EE két ndi tir dinh nguoi dung u; téi dinh san pham
Dj néu ton tai danh gia biét trudc cia u; véi p i, €0 dang e = (u;, p;). Khong ton tai
cac canh cua ndi gitta hai dinh nguoi dung hodc canh ndi gitta hai dinh san pham.

Trong sb clia mdi canh e;; 12 w;; duge x4c dinh theo (2.3).
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E = {e = (ui!pj): u; € U,p] eEP |Tij * 0} (22)
wy = fli If Gup) €5 23)
Y 0 Otherwise

Vi duy, v6i hé loc cong tac dugce cho trong Bang 2.2, khi d6 dd thi hai phia biéu

dién cho loc cong tac dugc thé hién trong Hinh 2.1.

Hinh 2.1. Do thi biéu dién cho loc cong tac
2.2.2. P do twong tw cho loc cong tic dwa trén biéu dién d6 thi
2.2.2.1. Do do twong ty giira cac cap ngwoi dung cho loc cong tac dua trén
biéu dién @b thi

Nhu di dé cap trong Muc 2.1, cac do do tuong quan tinh todn mirc do tuong tu
gitra cac cdp nguoi dung {u;, u;} dva trén tap cac san pham ca hai ngudi dung cung
dénh gia P;; # @. Viéc 1am nay duoc thyuc hién trén d6 thi biéu dién cho loc cong
tac G bang cach tinh toan tong trong sd cla tat ca cac duong di c6 d6 dai 2 tir dinh
u; € U dén dinh u; € U. Trong sO ciia mdi duong di do dai 2 tir dinh w; € U dén
dinh u; € U dugc tinh bang tich trong sd ctia cac canh twong Gmg. Vi du dé tinh toan
mirc do twong ty giita nguoi ding u; va u, Hinh 2.1, ta tinh tong trong sd cac
duong di d6 dai 2 tir dinh u, dén dinh u,. Giita u; Va u, chi c6 duy nhit mot dudng
di do dai 2: u; — ps — u,, trong sb cua dudng di nay duogc tinh 14 0.8 * 0.8 = 0.64.
Tuong tu, mic do twong tu gitra ngudi dung u, va u; la 0.6*0.6 = 0.36. Nhu vay,
phuong phap tinh toan muc d tuwong ty gitra 2 ngudoi dung dua trén cac do do
trong quan duoc xem nhu viéc tinh toan tong trong sé cac duong di do dai 2 giira 2

dinh ngudi dung d6 trén do thi G =< V,E >.
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Khi tap cac san pham ca hai ngudi dung cung danh gia P; j =0, cac do do
tuong quan s€ khong xac dinh dugc mic do tuong tu gifra nguoi dung u; va nguoi
dung wu; [10][14]. Vi du vé6i nguoi dung u, va uz trong Bang 2.2 s€ khong xac dinh
duogc gia tri twong ty bang cac do do twong quan. Nguyén nhan chinh dé ngudi dung
u; va u; khong xéc dinh dugc muc do tuong tu bing cac do twong quan vi ma tran
danh gia qua thua. Cac gia tri danh gia r;; = 0 trén bo dir li€u MovieLens la 98.7%,
trén bo dit liéu BookCrossing 1a 99.1%. Tuy nhién, quan sat nhitng méi quan hé
khac giita cic cip nguoi dung trén dd thi ta c6 thé thay gitta ho van ton tai mot muc
do tuong tu tiém an nao d6. Vi du, dua vao biéu dién db thi Hinh 2.1, U, Va us déu
tuong tu voi u, va do vay c6 thé twong ty nhau. Khai thac dugc nhitng mbi quan hé
nay sé& cai thién dang ké chat luong du doan cua cac phuong phap User-Based k-NN
va han ché duoc van dé dir liéu thua cua loc cong tac.

Dé khai thac dugc nhitng mbi quan hé gian tiép trén d6 thi, tac gia thuc hién
mo rong do dai duong di gitta 2 dinh ngudi dung trén dd thi. Vi du gitta u; Va u,
ton tai duong di do dai 4: u; — p3 — Uy, — p, — Uz, trong s6 cua dudng di nay la
0.8*0.8*0.6*0.6=0.2304. Vi G 1a d0 thi hai phia nén d6 dai duong di giita 2 dinh
nguoi dung luén 1a mot s6 chén (2, 4, 6, 8,...). Mat khac, trong s6 mdi canh cua dd
thi 1a mot sb duong nhé hon 1 nén cac duong di co6 dg dai 16n s€ dugc danh trong sb
thép, duong di c6 do dai nho s¢ dugc danh trong s6 cao. Muc do tuong tu gitra
nguoi dung u; € U va nguoi dung u; € U dugce ude luong bang téng cac trong sé
cua tat ca cac duong di d¢ dai L di tir dinh u; dén dinh w; trén do thi, véi trong s0
ctia mdi duong di duoc tinh bang tich trong sé cac canh twong tng. Khi d6, mirc do
tuong tu gitta cac cap ngudi dung dugc xac dinh cin ¢t vao qua trinh tim kiém trén
d6 thi tat ca cac duong di c6 do dai L tir dinh ngudi dung dén dinh nguoi ding. Voi
cach tiép can nay, mirc do twong tu gitta cac cip ngudi dung duoc xac dinh dya trén
tat ca cac moi quan hé tryc tiép hoic gian tiép trén d6 thi G. Viéc 1am nay duoc xéac

dinh théng qua ma tran trong sé tong quat biéu dién do thi G dudi day.
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Goi Z = {z;;} 1a ma tran trong s bieu dién d6 thi G(i = 1,2,...(N + M); j =
1,2,...(N + M)). Khi d6 ma tran vudng Z s€ dugc chia thanh bon phén theo cong
thire (2.4). Trong d6, ma tran vuéng UZ(N x N) biéu dién méi quan hé giira nguoi
dung va ngudi dung, PZ(H x H) biéu dién méi quan hé gitta san pham véi san
pham, W (N x M) duoc xac dinh theo (2.3) biéu dién mdi quan hé giita ngudi ding
va san pham, WT (M x N) 1a chuyén vi caa W (N x M) biéu dién mdi quan hé gitra
san pham va nguoi dung. Cac phan tir cia ma tran UZ(N X N), PZ(M x M) ban
dau déu co gia tri 0, twong tng véi mirc d twong tu gitta cic cap ngudi dung hoic
giita cac cip san pham khong xéac dinh tai thoi diém ban dau.

B ( UZ(N X N) W(N x M) ) (2.4)
WT(M x N) PZ(M x M)

Vi duy, véi hé loc cong tac dugc cho trong Bang 2.2, db thi hai phia biéu dién

cho loc cong tac duoc thé hién trong Hinh 2.1, khi d6 c4c thanh phén cua ma tran

trong s6 duoc thé hién trong Hinh 2.2 sau.

UZ(NxN) W(NxM)

A A

00 00 00|10 0.0 0.8 0.0
00 00 00|00 06 0.8 0.0
00 00 00|00 06 00 04

1.0 0.0 00|00 0.0 0.0 0.0
00 06 06(00 0.0 0.0 0.0
08 08 00[00 0.0 0.0 0.0
00 00 04|00 0.0 0.0 0.0

A A

WT(MxN) PZ(MxM)

Hinh 2.2. Ma trin trong sb biéu dién d6 thi hai phia G
Nhu vay, voi viéc biéu dién dd thi G dudi dang ma tran trong s6 Z cho phép

thé hién day du mdi quan hé giita cac ngudi ding, cac san pham, ngudi ding — san
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phdm. Ma tran Z ciing thé hién rd rang sy lién quan theo cac chiéu cta cac ma trin
con.

Khi do, mtrc do tuong tu gilta cac cdp nguoi dung dugce tinh toan dya vao ma
tran trong s6 Z theo cong thirc sau:

w. WT, L=2 (25)
w.wTt.uzt-2, L =4,6,08,..

Uzt = {

Trong do, uziLj la mirc do tuong tu gitta dinh nguodi dung u; va dinh nguodi
dung u; cén ct trén mo hinh dd thi G, gia tri nay phu thudc vao d6 dai dudng di L tir
dinh w; to1 dinh u; trén d6 thi. Do vay, mot van dé dat ra 13 véi mdi nguoi dung
u; € U gia tri cua L dugc liy bang bao nhiéu cho tét. Binh ly 2.1 dudi day sé& cho ta
mot cach xac dinh L trong trudng hop dd thi biéu dién cua loc cong tac G =<
V,E > lién thdng.
Pinh ly 2.1. Néu do thi biéu dién cho cac hé loc céng tac G =< V,E > lién thong
thi ludn ludn ton tai so tw nhién chdn L d@é uzf; # 0 véi moi w;,u; € U. Trong db,
uz}; dwoc xdc dinh theo (2.5).
Chirng minh. Gia str d6 thi biéu dién cho cac hé loc cong tic G =< V,E > lién
thong. Khi d6 ludn ton tai duong di tir dinh u; € U dén moi u; € U trén d6 thi. Vi
G =< V,E > 1a d0 thi hai phia duoc biéu dién theo (2.4), nén ludn ton tai s6 chan L
sao cho tir u; € U dén u; €U duoc ndi bang dung L canh. Do uziLj duoc xac dinh
theo (2.5) la tong trong sé cac dudng di c6 do dai L; Trong s6 mdi duong di c6 do
dai L 1a tich cua trong sb cac canh co wi # 0, vi vy nén uzf; # 0 1a diéu can
chung minh.

Nhu vay, véi mdi nguoi dung u; € U can duoc xac dinh murc do tuong tu véi
cac ngudi ding w; € {U\u;}, tachi can chon gia tri L nho nhdt dé uzf; # 0. Vi du
Vv6i hé loc cong tac duoc biéu dién bang ma tran trong sé Z trén Hinh 2.2, ta tinh

toan duge UZ?(3x3),UZ*(3x3),UZ°(3x3) theo (2.5). Dya vao do ta xac dinh dugc
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L = 2 cho nguoi ding u,, L = 4 cho ngudi dung u, va u; va khong can thyuc hién

Vi giatri L = 6.
[1.64 0.64 0.00 3.0992 1.6896 0.2304
Uz?=(064 1.00 0.36 UzZ*=]1.6896 1.5392 0.5472
1000 0.36 0.52 0.2304 0.5472 0.4000

6.164032 3.756032 0.728064
UZz® ={3.756032 2.817536 0.838656
1 0.728064 0.838656 0.404992

2.2.2.2. Do do twong tw gitra cac cip san pham cho loc cong tac dwa trén biéu
dién d6 thi

Lap luan twong tu muc 2.2.2.1 & trén cho viéc tinh todn mic do6 twong tu gita
cac cap san pham duya trén biéu dién d6 thi cho loc cong tdc G =< V, E >. Khi do,
muc do twong tu gitta san pham p, € P va san phim py € P dugc ude lugng bang
tong trong sd cua tit ca cac dudng di d6 dai L di tir dinh p, dén dinh py trén db thi,
v6i trong s6 ctia mdi duong di duoc tinh bang tich trong s6 cic canh tuwong tmg. Vi
G 1a d6 thi hai phia nén d¢ dai dudng di tir gitta 2 dinh san pham ludn 1a mot s6
chén (2, 4, 6, 8....). Bang cach tiép can nay, mic do twong tu giira cac cap san pham

duge xac dinh dua trén tat ca cac méi quan hé tryc tiép hoac gian tiép trén do thi G.

Viéc 1am nay duoc xac dinh dya vao ma tran trong sé tong quét Z biéu dién do
thi G (Hinh 2.2). Khi d6, mtc d6 twong tu giita cac cip san pham duoc tinh toan
theo cong thure (2.6) sau:

T —
Pz = {WT.W.MIZZ-LYZ: i . 421,6,8, (20)
Muc do twong tu giita cac cap san pham xac dinh theo (2.6) ciing phu thudc
vao do dai duong di L tir dinh san pham dén dinh san pham trén d6 thi. Do vay, véi
mdi san phdm p, € P ta ciing can xac dinh gia tri cua L dé thuc hién tinh toan. Dinh
ly 2.2 dué6i ddy s& cho ta mot cach xac dinh L trong trudng hop db thi biéu dién cua

loc cong tac G =< V, E > lién thong.
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Pinh 1y 2.2. Néu do thi biéu dién cho cac hé loc cong tac G =< V, E > lién thong
thi ludn ludn ton tai s6 tw nhién chan L @é pz,, #0 véi moi p,,p, € P. Trong do,

pz, dieoc xdc dinh theo (2.6).

Viéc ching minh Pinh 1y 2.2 cling dugc 1ap luan tuong tu nhu Binh ly 2.1.
Két qua nay cho phép ta xac dinh gia tri L nhé nhat dé pZXLy #0 v6i moi py, py € P.
Vi du véi hé loc cong tac duoc biéu dién bang ma tran trong sé Z trén Hinh 2.2, ta
tinh toan dugc PZ?(4x4),PZ*(4x4),PZ%(4x4) theo (2.6). Dya vao do ta xac dinh

dugc L = 4 d6i voi san phdm p,va ps , L = 6 d6i voi san pham p, Va p,.

[1.00 0.00 0.80 0.00 1.6400 0.3840 1.8240 0.0000
P72 0.00 0.72 048 0.24 P74 - 0.3840 0.8064 0.9600 0.2112
0.80 0.48 1.28 0.00 1.8240 0.9600 2.5088 0.1152
1000 024 0.00 0.16 0.0000 0.2112 0.1152 0.0832
13.099200 1.152000 3.831040 0.092160
P76 _ 1.152000 1.092096 1.923072 0.227328
3.831040 1.923072 5.131265 0.248832
10.092160 0.227328 0.248832 0.064000

Do do tuong tu dé xut trong cong thire (2.5) va (2.6) cho loc cong tic dua
trén biéu dién d6 thi cho phép khai thac diy du méi quan hé truc tiép va bic cau
giita cac cip dinh ngudi ding va cac cip dinh san pham trén d thi vao qua trinh dy
doan va tu vén, tir 6 gitip han ché anh hudng cua van dé dir liéu thua cia loc cong
tac. Trén co s& do, luan 4n tién hanh mé rong do do twong tu néu trén cho phat trién

hé tu vn cong tac theo ngir canh trong ndi dung 2.3 dudi day.

2.3.  Loc cong tac dwa trén md hinh dd thi cho hé tw vén theo ngit cinh

Hé tu van véi cach tiép can truyén thdng chi quan tAm toi nhitng ddi tuwong
chinh 1a ngudi dung, san phdm va phan hdi cia nguoi ding véi san pham, chir
khong quan tam dén cac thong tin ngir canh bén ngoai co tac dong dén quyét dinh

ciia ngudi dung hay khong. Tuy nhién trén thuc té, s thich cia ngudi dung lai
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khong cb dinh. Vi du mot ngudi troi ndng thi thich in kem, udng sinh td, nhung khi
troi lanh lai thich dn phé, udng ca phé néng. Hodc cing mot bd phim nhung troi
mua thi thich xem con troi kho rdo thi c6 khi lai khong thich. C6 thé néi sé thich
ciia ngudi ding bi tac dong nhiéu boi nhitng yéu té ngit canh bén ngoai. Do vay
viée xem xét két hop ngir canh vao cac hé thong tu van 13 mot chu dé dang rat duoc
quan tdm nghién ciru trong nhirng nim gan day. Cac hé tu van theo ngit canh dugc
chtrng minh 1a cai thién dang ké chit luong tu van trong nhiéu tmg dung thuc té so
v6i hé tu van véi cach tiép can truyén théng trude day, qua dé gitp ting do tin cay
ctia ngudi dung v6i hé théng [6][76] . Vi du mot sé hé tu van dua trén ngit canh nhu
hé tu van phim va 4m nhac [77], truyén thong xa hoi [78][79][80] tu van dia diém
yéu thich [81], thuong mai dién tir [82], tuw van dich vu Web [83], strc khoe [84],
dich vu hoc tap truc tuyén [85], dich vu giao thong [86]. Tam quan trong cia ngi
canh cling duoc khang dinh khi dua ra quyét dinh trong cac hé thong IoT (Internet
of Things) [87].

Trong nodi dung dudi day, tic gia s& trinh bay vé yéu t6 ngir canh (context)
trong hé tu van va gidi thiéu khai quat nhitng phuong phép két hop yéu té ngir canh
vao mot hé tu van, ciing véi nhirng han ché con ton tai ciia mdi phuong phap. Tir d6
tac gia dé xuat mot giai phap xay dung hé tu van cong tac theo ngit canh trén co sd
do do tuong tu cho loc cong tac dya trén mo hinh dd thi d3 duoc trinh bay trong
Muc 2.2. Giai phap dua ra duoc chirng minh 1a cho phép tich hop day du thong tin
nglr canh va han ché van dé dit liéu thua cua loc cong tac trong sy so sanh vdi céac

phuong phap tu van khong c6 ngilt canh va c6 ngit canh co sé.

2.3.1. Ngir canh

Dinh nghia ngir cinh

Theo nhu [6] : “Théng tin ngit canh 14 nhitng thong tin c6 thé mé ta duogc hoan
canh ctia mot thyc thé. Thyuc thé ¢ day c6 thé 1a nguoi, 1a vat hodc 1a dbi twong c6
lién quan toi sy twong tac gitra ngudi ding va tng dung, bao gdm ca ban than nguoi

dung va tmg dung do”.
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Phéan loai ngir canh
Hai hudng tiép can chinh trong phan loai ngit canh dung trong hé tu van: 1)
Phén loai ngit canh theo cach thirc thu thap va muc d6 thay d6i thong tin ngit canh

trong hé tu van; 2) Phan loai ngit canh theo cac loai thong tin ngir canh phd bién sir

dung trong cac tng dung tu van.

Véi hudng ti€p can 1, viéc phan loai ngit canh st dung san pham cia nguoi

dung trong hé tu vin (Bang 2.3) duoc cin ct trén hai tiéu chi [6] sau:

a) Muc do thu thap cac thdng tin ngit canh trong hé tu van (Pay du, mot phan

hodc khong xac dinh). Cac thong tin ngit canh sir dung cho hé tu van c6 thé

duogc thu thap twong minh cin ci trén ngir canh sir dung san pham do nguoi

ding nhap vao hoic ngam dinh thong qua twong tac cta nguoi ding véi hé

théng va tir cac thiét bi, cam bién lién quan két ni trong hé thdng (Thoi

gian, thoi tiét, noi chén...).

b) Muc d6 thay do6i théng tin ngir canh theo thoi gian (Khong thay doi hoic

thay doi).

Bang 2.3. Phén loai ngit canh thu thip duogc cho hé tu van

Mic do thay
doi thong tin

Mirc do thu thap cac thong tin ngir cinh

Day du Mot phan Khéng xac dinh
ngir canh theo
thoi gian
Khong thay d6i | Thong tin ngit canh | Thong tin ngit canh | Thong tin ngir canh
dugc thu thap dﬁy duoc thu thap mat 6 thé duoc suy luan
da va bat bién. phan va bat bién. ngam dinh tir dir
liéu ctia hé thong.
Thay doi Thoéng tin nglt canh | Thong tin ngit canh | Khong thu thap

duoc thu thap day
da va thuong

xuyén thay doi.

dugc thu thap mat
phan va thuong

xuyén thay doi.

duogc théng tin ngir

canh.
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V&i huéng tiép can 2, co 4 loai thong tin ngit canh pho bién dugc nguoi dung

st dung khi dua ra danh gia cho cac san phim trong cac hé tu van [6], d6 1a:

e Ngit canh vat 1y (Physical context): Cac ngir canh thudc loai nay nhu thoi

gian, dja diém , thoi tiét, anh sang, nhiét do.

e Ngit canh xi hdi (Social context), nhu: Thong tin vé mdi quan h¢ giita nguoi

dung vé1 cac nguoi dung hodc cac nhom lién quan.

e Ngit canh phuong tién twong tac (Interaction media context), nhu: Nhiing thiét
bi st dung truy cap vao hé théng (dién thoai di dong, cam bién,.. .), nhitng loai
dir liéu da phuong tién dugc duyét va cd nhan hda (van ban, am thanh, hinh
anh,..).

e Ngit canh tdm 1y (Model context) thé hién tdm 1y ctia nguoi dung, nhu: Muc
tiéu nguol dung, tdm trang, trai nghiém va kha ning nhan thirc cua nguoi

dung.

2.3.2. Bai toan tw véan theo ngir cinh

Pbi v6i hé tu van truyén thong, ta chi quan tim téi mbi quan hé giira hai nhém
d6i twong 14 ngudi dung va san pham dé dua ra dy doan. Khi d6 bai toan tu van
truyén théng dugc biéu dién dya trén ma tran danh gia hai chiéu sau:

R,,U X P - R (2.7)

Trong khi d6, ddi voi hé tu van theo ngir canh, ngoai thong tin vé hai ddi tuong
ngudi ding va san pham, hé thong con quan tim téi nhiing yéu to ngit canh khi
ngudi dung danh gid mot san pham dé dua ra du doan. Khi d6 bai toan tu van theo
ngir canh s& dua trén ma tran danh gia da chiéu (Multi-dimensional matrix) nhu sau:
R;:U X P xXC - R (2.8)

Tong quat hoa, gia sir ta co tap hitu han U = {uy,uy, ..., uy} la tap gdm N
nguoi ding, P = {py,p,, ..., Py} 12 tdp gomM M san pham va K chiéu ngir canh
Cy,Cy, ..., Cx, mdi chiéu ngir canh c6 tuong tng N, Ney, ooy Ny diéu kién ngit canh.

M&i quan hé giita tap nguoi dung U, tap san pham P va tap ngir canh C dugc biéu
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dién théng qua cong thirc (2.8). Nhiém vu cua hé tu van theo ngit canh la dy doan

danh gia va dua ra tu van cac san pham mai cho nguoi dung trong tinh huéng ngtr

canh cu the.

Vi du cho Bang 2.4 1a ma tran danh gia da chiéu ctia hé tu van cong tac theo ngir

canh, gom 3 ngudi dung U = {uy, u,, us}, 2 san pham P = {p;,p,}, kém théng tin

vé cac chi€u ngir canh.

Mot sO thuat nglr qui uéc dugc sur dung trong cac hé tu van dua vao ngit canh

dugc biét dén 46 1a: Chiéu ngit canh (Context Dimension), diéu kién ngit canh

(Context Condition), tinh huéng ngiv canh (Context Situation) [6][88].

Chiéu ngiz canh hay con duoc biét dén 1a cac bién ngir canh, vi du: “Thoi
gian”, “Dia diém”, “Ban d&ng hanh”.

biéu kién ngir canh 1a mot gia tri cia mot chiéu ngit canh dugce danh gia boi
nguoi ding. Vi du: Chiéu ngit canh “Thoi gian” ¢6 thé nhan 1 trong 2 diéu
kién ngit canh (“Cubi tuan”,“Trong tuan”), chiéu ngir canh “Pja diém” c6 2
diéu kién ngir canh (“Tai nha”, “Tai rap”), chiéu ngir canh “Ban dong hanh”
c¢6 3 diéu kién ngir canh (“Tré em”,”Gia dinh”,”Ddi tac”).

Tinh hudng ng: canh 1a thuat ngir dung dé chi mot bo gia tri diéu kién ngi
canh cua cac chidu ngit canh twong tng duoc danh gia boi ngudi ding, vi du
ngudi diing u,; danh gia 5 cho san pham p; trong tinh hudng ngir canh (“Cudbi

tuan”,”Tai nha”,”Tré em”).

Biang 2.4. Ma tran d4nh gia da chiéu ctia loc cong tac theo ngit canh

Nguoi ding | San phadm | Panh gia | Thoi gian | Pia diém Ban dong hanh
Uy P1 5 Cudi tuan Tai nha Tré em
Uq Py 4 Trong tudn | Tai nha Gia dinh
U, P1 3 Cubi tuan Tai rap Déi tac
Uy Py 4 Trong tudn | Tai nha Gia dinh
Usg P1 3 Cubi tuan Tai rap Déi tac
Usg D2 2 Cubi tuan Tai rap Déi tac
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2.3.3. C4c huéng tiép can gidi quyét bai toan tw van theo ngir canh

Céc cach tiép can dé str dung thong tin vé ngit canh trong qua trinh tu van co thé
dugc phan thanh 3 hudng tiép can [6][7]: 1) Loc trudc theo ngir canh; 2) Loc sau
theo ngit canh va 3) M6 hinh hoéa ngit canh. Hinh 2.3 minh hoa truc quan co ché

tich hop ngir canh vao hé tu van theo 3 huéng nay.

(@) Loc trude theo ngir canh (b) Loc sau theo ngtt canh (c) M6 hinh hoa ngir canh
Dit liéu Dit liéu Dit liéu
UxIxCxR UxIxCxR UxIxCxR
e ————— >
A
Dt liéu theo ngit canh
UxIxR
* A A
X Iy tu van véi ma tran X I tu van voi ma tran X 1y tu vén voi ma tran
danh gia 2 chiéu danh gia 2 chiéu da chidu
UxI=>R UxI=>R UxIxC 2R
up---- > N
u i ————— > Goi y danh sach san phim
Iy,15,1g, .. Cl— — — — >
A cC————- ~y A
Goi y danh sach san Goi y danh sach san Goi ¥ danh séach san
pham phu hgp nglt canh pham phu hgp nglr canh pham phu hop ngit canh
fy,05, L3, - fy,15, 13, - iy,15, 13, -

Hinh 2.3. Cac mé hinh két hop ngit canh vao hé tu van [6]

2.3.3.1. Lgc trwéc theo ngir canh

Huéng tiép can loc trude theo ngit canh (Contextual Prefiltering) thuc hién nhu
sau: Tu tap dir ligu dau vao cta hé tu van dya trén ngit canh 1a ma tran danh gia da
chiéu, hé thong s& str dung thong tin ngit canh cta ngudi dung hién thoi dé loc tap
dir liéu ban dau nham chi giit lai nhitng dit liéu phut hop voi ngit canh yéu cau [88].
Mot s6 phuong phép loc trude theo ngit canh dugc dua ra nhu: Phuong phap phan
chia dir liéu (Splitting) [89], phuong phap sir dung mot tip con cac chiéu ngir canh
dé loc (Context Relaxation) [90], phwong phap loc dua trén ngir nghia (Semantic
Filtering) [91] hoic phuong phap phan cum nguoi ding va san pham dya trén diéu

kién nglr canh [80].
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Sau khi loc thong tin ngit canh, bai toan tu van theo ngit canh dua trén ma tran
danh gia da chiéu (theo cong thic (2.8)) s& chuyén vé bai toan tu van truyén thong
dua trén ma tran danh gia hai chiéu (theo cong thuc (2.7)). Tap dit liéu loc duogc s&
dung dé huin luyén va tu van. Mot trong nhirng loi ich quan trong nhit ctia hudng
tiép can nay 1a viéc ¢ thé sir dung lai cac phuong phép tu van truyén thdng hai
chiéu d3 duogc dé cap trong Muc 1.5 ciia Chuong 1 dé ap dung cho hé tu van theo
ngir canh. Tuy nhién van dé dit ra v6i hudng tiép can loc trude theo ngit canh cho
hé tu van 1a van dé dit lidu thua va it khai thac dugc thong tin ngit canh vao qua

trinh du doan va tu van.

Vi du trong hé tu van phim, néu mot ngudi ding mudén xem mot bd phim vao
th 7 thi chi nhitng bo phim duoc chiéu vao tht 7 da duoc xép hang méi dugce dung

dé goi ¥ cho ngudi dung.

2.3.3.2. Loc sau theo ngir canh

Trai nguoc v4i hudng tiép can loc trudc ngit canh, loc sau theo nglt canh
(Contextual Postfiltering) sir dung toan bo ma tran danh gia di loai bo di cac chiéu
ngit canh dé huin luyén va tu van. Do vdy, cac phuong phéap tu van truyén thong sé
duogc sir dung dé dua ra tu van ngay tir ddu ma khong phu thudc vao ngit canh. Két
qua tu van s& duogc loc lai mot 1an nira theo nglr canh cia nguoi dung hién thoi dé
thu dugc két qua tu van cudi cung. Tuy nhién, do sir dung toan bd ma tran danh gia
da loai bo di cac chiéu ngit canh dé huan luyén va tu van nén cac thong tin ngit canh
cling khong dugc khai thac, dong thoi mot s6 dir liéu trung 13p va nhiéu c6 thé anh
huong t6i chat lugng cia cac phwong phép tu van truyén thong.

Vi du trong hé tu van phim, néu mot nguoi ding muén xem mot bd phim vao
cudi tuan. Sau khi thuc hién du doan danh sach phim goi ¥ theo cac phuong phap tu
van truyén thong (bé qua yéu té thong tin ngir canh), hé thdng sé& loc loai bo cac bd

phim khong dugc chiéu vao cubi tudn tir danh sach phim goi ¥.

2.3.3.3. M0 hinh héa ngir canh



66

Huéng tiép cdn mé hinh héa ngit canh (Contextual Modeling) cho phép thong
tin ngit canh, ngudi dung va san pham duoc biéu dién tryc tiép trong cting mot mé
hinh. Khi d6 ma tran danh gia da chiéu s& duoc st dung truc tiép cho qua trinh huén
luyén va tu van. Véi hudng tiép can nay, mot sb thuét toan tu van theo ngir canh
dugce dua ra cd d6 phic tap 16n hon cac phuong phép tu van truyén thong. Cac
phuong phap mo hinh héa dua vao ngir canh dugc phan chia thanh hai nhém chinh:

Mo hinh hoéa ngilt canh doc 1ap va mo hinh hda ngir canh phu thude [88].

Phan rd Ten-xo (Tensor Decomposition) [92] 1a2 mot phuong phéap dién hinh
thugc nhom phuong phap moé hinh hoa ngir canh doc 1ap. Phuong phap nay cho
phép biéu dién nguoi dung, san pham va cac chiéu ngit canh trong mot khong gian
da chiéu, mdi chiéu 1a doc 1ap nhau. Mot van dé dbi v6i phuong phap phan ra Ten-
x0 12 khong gian luu trit cung xir 1y sé& rat phire tap khi sb luong chiéu ngit canh qua

16m, dong tho1 moi lién quan gitra cac chiéu nglt canh khong dugc khai thac.

Khéng gidng nhu phuwong phap mé hinh héa ngir canh doc l4p coi ngit canh
khong phu thudc vao ngudi ding va san pham, phuong phap mé hinh héa ngit canh
phu thudc s& mé ta va khai thac sy phu thudc giita ngudi ding, san pham va ngi
canh tuong tng. Hai k¥ thuat dugc sir dung trong phuong phap nay do6 la mo hinh
hoa dua trén do chénh Iéch va mo6 hinh hoéa dya trén d6 twong tu [6]. K¥ thuat mo
hinh hoa dua trén do chénh léch sé& thiét 1ap mot mirc chénh 1éch cong thém vao
danh gia khong c6 ngir canh dé suy ra danh gia ctia ngudi diung cho san pham trong
mot tinh huéng ngit canh cy thé. K¥ thuat moé hinh héa dua trén do tuong tu sé thiét
1ap mot mirc do twong tu nhan voi danh gid khong c6 nglr canh dé diéu chinh danh
gia ciia ngudi dung cho san pham trong mot tinh hudng ngit canh cu thé. Theo do,
dé dua ra dy doan danh gia ctia ngudi dung véi san pham trong timg tinh hudng ngir
canh, c6 hai viéc can thuc hién d6 1a: (1) Lwa chon phuong phap du doan danh gia
ciia nguoi dung voi san pham khi khong c6 ngit canh va (2) Lwa chon do do tinh
mitc chénh 1éch hodc murc twong tu giita cac tinh hudng ngit canh. Véi viée (1) vé
co ban chiing ta c6 thé st dung tit ca cac phuong phap tu van truyén thng dé thuc

hién, trong d6 hai phuong phap tu vin cong tic theo ngit canh dya trén Matrix
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Factorization [77] va SLIM [93][94] duoc danh gi4 1a mang lai hiéu qua twong dbi
t6t. Voi viéc (2) chung ta c6 thé st dung nhitng d6 do khoang cach Euclid,
Minkowski..., d0 do tuong tuy Cosin, Entropy..., d0 do tuong quan Pearson,
Spearman, Kendal,... dé tinh toan mutc do chénh l1éch hodc tuong ty gilta cac tinh
hubng ngit canh. Thuc nghiém cho thiy cac phwong phap mé hinh hoa ngit canh
phu thudc cho két qua t6t hon phuong phap mé hinh héa ngir canh doc 1ap trong
nhiéu truong hop [95]. Tuy nhién van dé dit ra v6i cac phuong phap mé hinh héa
ngir canh phu thudc khi tich hop ngir canh vao hé tu van truyén thong 1a van dé dir

liéu thua va kha nang mé rong cua no.

Mot hudng tiép can khac dé tich hop nglt canh vao h¢ tu van 1a dua trén mé hinh
d6 thi. Nhiéu nghién ciru da chi ra raing mé hinh do thi giai quyét kha tot van dé dix
liéu thua va kha nang mo rong dir liéu [96]. Neves ARM va cac cong sy cia minh
[97] da dua ra dé xuat phuong phap tu van theo ngit canh trén co sé Ontology va k¥
thuat kich hoat lan truyén (Spreading Activation). Punam Bedi va Richa [98] d¢
xuat mot phuong phép tiép can mdi nang cao hiéu qua tu van cho ngudi ding trong
cac nha hang dyua vao Ontology va k§ thuat kich hoat lan truyén. Emrah va cac cong
su [99] dé xuat mot hé tu van theo ngir canh dia trén mot mé hinh do thi cong tac
cho cic chuong trinh trén ti vi. Z. Bahramian va cac cong su [100] dé xuat hé tu van
dia diém du lich theo nglr canh dua trén mod hinh kich hoat lan truyén. Tuy nhién
céc nghién ctru da c6 nay chu yéu tap trung vao viéc xay dung cac mo hinh biéu
dién db thi 4p dung riéng 1¢ cho tirng bai toan tu van theo ngit canh cy thé, ma hau

nhu chua c6 mot giai phap tong thé chung cho cac bai toan tu van theo ngit canh.

Qua phén trinh bay & trén vé cac phuong phap tich hop ngit canh vao hé tu vén
d3 chi ra rang mdi phuong phap déu c6 nhitng wu nhuoc diém riéng, viéc lua chon
phuong phap nao s€ phu thudc vao hi¢u qua cho ting bd dir liéu cia bai todn nghi¢p
vu khéc nhau. Can ct vao két qua thuc nghi¢m nhiéu nghién ctru da chi ra ré“mg
khong c6 phuong phap nao 13 tot cho moi trudng hop dit liéu [76], nhung hai hudng
tiép can loc trude theo ngit canh va md hinh héa ngit canh d3 va dang thu hat duoc

su quan tam dac biét cua cdng dong nghién ctru vé h¢ tu van theo ngit canh, véi so
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lrong bai bdo cong bd 16n hon hudng tiép can con lai va chirng minh cho hiéu qua
tu van cao trong nhiéu truong hop. Mic di vy, mot s6 van dé chinh con ton tai véi
phuong phéap thudc hudng tiép can loc trude ngit canh va md hinh hoéa ngir canh la
van dé dir liéu thua. Ngoai ra viéc tich hop cac thong tin ngit canh vao qué trinh
huén luyén va tu van khién cho cac phwong phap mé hinh hoéa ngit canh con gip

phai van dé 1a ting d6 phirc tap tinh toan khi sb chiéu dir liéu ting l1én.

Pé giam thiéu nhitng han ché néu trén, luan an dé xuat mot phuwong phap tu van
cong tac theo ngir canh méi thudc hudng tiép can loc trude ngit canh, nham phat
huy tinh don gian trong cai dat va tan dung dugc cac phuong phap tu van truyén
théng di co. Pong thoi phuong phap dé xuat cling nham giai quyét han ché con ton
tai pho bién dbi vai hudng tiép can loc trudce ngir canh, d6 1a van dé dir lidu thua va
tich hop hiéu qua thong tin ngit canh vao qué trinh tu van theo ngir canh. Phuong
phap dé xuat dugc trinh bay chi tiét trong Muc 2.3.4 phat trién tir 46 do twong tu

cho lgc cong tac dua trén mo hinh dd thi dé xuét trong Muc 2.2 cua tac gia.

2.3.4. Phuong phap dé xuat

Noi dung phan nay trinh bay dé xuat vé phuong phap tu van cong tac méi cho
hé tu van theo nglr canh duogc phat trién tr do do twong tu cho loc cong tac dua trén
mo hinh d6 thi trinh bay trong Muc 2.2. V& co ban phuong phap dé xuit duoc thuc
hién bang cach két hop hai phuong phap: 1) Loc trudc theo ngir canh; 2) Phuong
phép k-lang giéng gan nhat voi d6 do twong ty tinh toan dya trén mo hinh d thi dé
xuat (Muc 2.2). Su két hop cua hai phuong phép nay trong phuong phap dé& xuit
dugc thé hién qua bon bude: 1) Phan tach san pham theo ngit canh; 2) Biéu dién d6
thi cho loc cong tac; 3) Tinh d¢ twong tu cho loc cong tac dua trén biéu dién dd thi;
4) Sinh tu van. Bon budc nay két hop véi nhau trong mot bo khung dé xuét vé trién
khai phuong phap loc cong tac dua trén mo hinh do thi cho hé tu van theo ngit canh

trong Hinh 2.5 dudi day.
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Hinh 2.4. Bo khung trién khai phwong phép loc cong tac dua trén mo hinh d6 thi
cho hé tu van theo ngit canh

Viéc thuc hién cac bude duoc mibu ta chi tiét trong cac phan dudi day.
2.3.4.1.  Phan tach san pham theo ngir canh

Thong tin dau vao cho bai toan tu van theo ngit canh dugc miéu ta trong 2.3.2
gom c6: Tap hop hitu han gom N nguoi dung U = {uy,uy, ..., uy}, M san pham
P = {p1,ps -, Py} V& K chiéu ngit canh C,,C,, ...,Cx, mdi chiéu ngit canh c6
twong ung N , N, ..., N, diéu kién ngit canh. Tir thong tin dau vao trén, viéc phan
tach san pham theo ngit canh s& chuyén héa san phim ban dau theo ngit canh thanh
cac san pham gia 1ap. Mbi san pham gia 1ap duoc tao ra tir sy két hop san pham ban
dau v&i mot tinh hudng ngir canh cu thé, thi tuc nay goi la “Item Splitting” [101].

Thu tuc “Item Splitting” trudc day chi st dung mot chiéu ngit canh duy nhat dé
phan tach san pham theo ngit canh, viéc chon chiéu ngir canh nay dua vao do do

thong ké, nhu d6 loi thong tin (Information gain) [77][102] . Piéu nay trong nhiéu
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truong hop khién cho kha nhiéu thong tin tir cac chiéu ngit canh khac khong duoc

khai thac triét dé vao qua trinh tu van sau nay.

Tir lap ludn dua ra & trén, ludn 4n dé xuat phuong phap phan tach san pham theo
ngir canh cai tién nham khic phuc han ché néu trén ciia phuong phap phan tach san
pham theo ngit canh nguyén thiy. Phuong phép phan tach san pham theo ngit canh
cai tién cho phép tich hop day du thong tin ngir canh trong viéc chuyén hoa san

phém ban dau thanh san phém gia 1ap. Cac budc thuc hién cy thé nhu sau:

- Buwéc 1. Tao ra 1 chiéu ngit canh méi C dai dién cho K chiéu ngit canh
Cy,Cy, ..., Cx bang cach lay tich Pé-cac cua tat ca cac chiéu ngit canh. Khi
d6, mdi diéu kién ngit canh cua C 1a su két hop cac diéu kién ngix canh cua
cac chiéu twong tng. S6 lugng diéu kién ngir canh cua € 1a N,, voi N, =
N, * N, * .. Ng,.

- Bwéc 2. Tao ra tap san pham gia lap T bang cach lay tich Dé-céc cua tap san
pham P va chiéu ngit canh C. Khi d6, mdi san pham gia lap thuoc T 1a sy két
hop ctia mot san pham ban dau thuoc P voi mot diéu kién ngit canh thuoc C.

S6 lwong san pham trong tap T 1a H, véi H = M * N,

- Buéc 3. Chuyén ddi ma tran danh gia da chidu vé ma trin danh gia hai chiéu
bang viéc loai bo di tap ngit canh, thay tap san pham ban dau P bang tap san

pham gia 1ap T.

Vi du ap dung phuong phap phan tach san phim theo ngir canh 1én ma tran
danh gia da chiéu cta loc cong tac theo ngit canh (Bang 2.4) ta thu dugc ma tran
danh gia hai chiéu (Bang 2.5), v6i t; 1a san pham gia 1ap duogc tao ra boi sy két hop
clia san phdm p, va tinh hudng ngir canh (“Cudi tuan”,”Tai nha”,”Tré em”). Véi vi
du duogc dua ra trong Bang 2.4, h¢ tu van ¢6 2 san phérn va 12 tinh huéng ngit canh
c6 thé co, do vay s6 luong san pham gia 1ap dugc sinh ra theo phuong phap phan
tach san pham theo ngit canh cai tién 1a 24. Ma tran d4nh gi4 hai chiéu nhan duoc
thé hién trong Bang 2.5, luan 4n sap xép nhitng cip nguoi dung - san pham c6 danh

gia trong nhitng dong trén cung cua ma tran va nhitng cap con lai khong c6 danh gia
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& bén dudi. Dé tiét kiém khong gian trinh bay, nhiing cip ngudi dung - san phim

khong c6 danh gia khong néu day di trong Bang 2.5.

Bang 2.5. Ma tran danh gia hai chiéu nhin duoc sau phan tach san pham theo ngit canh

Ngudi dung | San pham gia 1ap | Panh gia
Uy ty 5
Uy ts 4
U, ty 3
U, ts 4
Us ty 3
Us ty 2
Uy ty 0
U toy 0

Qué trinh phan tach san pham theo ngir canh sé& bién doi ma trdn danh gia da
chiéu R, (biéu dién d4nh gia ctia ngudi ding véi san pham trong cac tinh hudng ngi
canh khac nhau) vé ma tran danh gia hai chiéu R, (biéu dién danh gia cia ngudi
ding voi san pham gia lap). Trén thuc té, s6 lugng cac danh gia ban dau dua ra boi
ngudi ding cho cac san pham trong cac tinh hudng ngit canh 1a rat it, khién cho ma
tran R, rat thua. Khi ap dung thu tuc phan tach san pham theo ngit canh cai tién Ién
R,, v6i viéc gi6i thiéu cac san pham gia 1ap, s& cang khién ma tran R, thu dugc

cang thua thot hon nira.

Vi du: Thong tin thu thap dugc cho hé tur van theo ngit canh thé hién qua Bang
2.4, ¢6 6 danh gia cho 2 san pham cho trudc. Sau qua trinh phéan tach san pham theo
ngir canh dugc Bang 2.5, c6 6 danh gia cho 24 san pham gia lap. Nhu vay, rit nhiéu
san phém gia 1ap chua dugc danh gia, diéu nay khién ma tran danh gia 2 chiéu nhan
duogc sau phan tach ngir canh cang thua thdt hon nira.

Pé han ché nhitng van dé dir liéu thua cua loc cong tac ap dung cho ma tran
danh gia hai chiéu R,, luan an st dung phuong phap tinh toan toan mirc do twong ty

gilra cac cap nguoi dung hoac san pham dua trén mo hinh d6 thi dé xuat trong Muc
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2.2. M6 hinh cho phép biéu dién tat ca quan diém cta nguoi dung ddi voi cac san
phém gia lap bé‘mg mét dd thi. Khi d6, mtc do tuong tu cho loc cdng tac dua trén
mé hinh dd thi duoc tinh todn trén co s& khai thac tit ca nhirng mbi quan hé truc
tiép va bic cau giita cac cip ngudi dung hodc cac cip san pham gia l1ap. Viéc khai
thac day du mdi quan hé bic cau giita cac ddi twong trong hé thong trén do thi s&
g6p phan giai quyét vin dé thwa dir liéu va nang cao hiéu qua dy doan cua phuong
phap cong tac cho hé tu van theo ngir canh. Cac ndi dung nay 1an luot duge dé cap

dén trong Muyc 2.3.4.2 va Muyc 2.3.4.3 sau day.
2.3.4.2. Biéu dién db thi cho loc céng tac

Trudc tién, 4p dung cong thic (2.1) dwoc trinh bay trong Muyc 2.2.1 nham
chuyén doi dang biéu dién cho ma tran danh gia hai chiéu R, tir Bang 2.5 vé Béng

2.6 dudi day (Céc cot cudi khong co danh gia).

Bang 2.6. Ma tran danh gia chuyén d6i cho ma tran danh gia 2 chiéu cua Bang 2.5

t, t, ts ty ts thy
U, 1 0 0.8 0 0 0
u, 0 0.6 0.8 0 0 0
Uy 0 0.6 0 0.4 0 0

Ap dung phuong phap biéu dién d6 thi cho loc cong tac dé xuat trong Muc
2.2.1 cho ma tran danh gia hai chiéu R, (Bang 2.6). Khi d6, d6 thi hai phia biéu

dién cho loc cong tac dugc thé hién trong Hinh 2.5.

Hinh 2.5. Db thi biéu dién cho loc cong tac gdm tap ngudi ding va tdp san pham

gia lap
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Db thi hai phia nhin dugc khéng c6 cac lién két t6i cac dinh san phiam
ts, ..., ty, bOi Vi cic san pham gia 1ap nay khong duoc danh gia boi bat ky ngudi
dung nao.
2.3.4.3. Tinh d twong tw cho loc cong tac dwa trén biéu dién do thi

Vi¢c tinh toan mirc do twong ty cho loc cong tac duya vao biéu dién d6 thi néu
trén duoc chia thanh 2 cach tiép can theo dé xuit trong 2.2.2, d6 1a: 1) Tinh toan
mitc do twong tu gitra cac cip ngudi dung dua trén d6 thi; 2) Tinh toan muc do
tuong tu giita cac cip san pham dua trén d6 thi.

Viéc 1am nay duoc xac dinh thdng qua ma tran trong sé tong quat biéu dién do
thi G duoi day.

( UZ(N x N) W(N x H) ) (2.9)
WT(H x N) TZ(H X H)

Véi Z = {z;;} 1a ma tran trong s6 bieu dién dd thi G(i = 1,2,...(N + H); j =
1,2,...(N 4+ H)). Khi d6 ma tran vuéng Z s& duoc chia thanh bén phan theo cong
thize (2.9). Trong d6, W (N x H) duoc xac dinh theo cong thirc (2.3) biéu dién mbi
quan hé giita nguoi ding va san pham gia lap, WT(H x N) la chuyén vi cua
W (N x H) biéu dién mdi quan hé gitra san pham gia lap va ngudi ding, ma tran
vudbng UZ(N x N) biéu dién méi quan hé giita nguoi dung va nguoi dung, TZ(H X
H) biéu dién méi quan hé giita san pham gia lap vai san pham gia lap. Céc phan tu
cua ma tran UZ(N x N), TZ(H x H) ban dau déu c6 gia tri 0, twong ng voi mirc
d6 tuong tir gitra cac cap ngudi dung hodc gitra cac cip san pham gia 1ap khong xac
dinh tai thoi diém ban dau.

Sau khi xay dung dugc ma tran Z viéc tinh mirc d6 twong tu gilra cac cap
ngudi ding hodc cac cip san pham theo cong thirc (2.5), (2.6) dé xuét trong muc

2.2.2 cua luan an.

2.3.4.4. Sinh tu van
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Ap dung phuong phap kNN dé sinh danh sach cac san phdm tu vin phu hop voi
nguoi dung hién thoi voi d§ do tuong tu trinh bay trong Muc 2.3.4.3 ¢ trén trong 2
truong hop dudi day.

- Trwong hgp d¢ do twong tw gitra cac cip nguwoi dung dwoc sir dung béi

phwong phap User-Based k-NN dé sinh tw van

Véi mdi nguoi dung hién thoi u,, goi U, 1a tip gdm K; ngudi ding tuong tu
nhat véi u,. Khi d6, danh gia chua biét ciia nguoi ding u, véi san pham gia lap tj
(goi la 74;) duge dy doan can ctr vao trung binh danh gia cua cac ngudi dung trong

tap U, v6i san pham t;.

Taj = #, R; = {rij|rl-j #0,u; € Ua} (£.10)
j
- Trwong hop dd do twong tw gita cac cip san pham dwoc sir dung béi
phuong phap Item-Based k-NN dé sinh tw van
Vé6i mdi san pham gia 1ap tj chua dugc danh gia boi nguoi dung hién thoi u,,
goi T; 1a tap gdm K; san pham tuong tu nhét voi t; va da duoc danh gia boi u,. Khi
d6 danh gia chua biét ctia nguoi dung u, v6i san pham tj dugc dy doan can clr vao

trung binh danh gia ctia ngudi ding u, voi cac san pham thudc tap T;.

(2.11)

Z‘r‘akERa Tak
Yagi = 5 o —

j= , Ra = {Tak|rak * 0, tk € T]}
|Rq|

Tu du doan danh gia r,; dugce xac dinh theo mot trong hai cong thire (2.10) hoac
(2.11), hé thdng s& chon ra K, cac san pham c6 du doan danh gia cao dé tu van cho
nguoi dung hién thoi.

Trén co sé bd khung trién khai phuong phap loc cong tac dya trén md hinh dd
thi cho hé tu van theo ngtt canh véi 4 bude thyc hién trinh bay & trén, luan éan dé
xuét hai thuat toAn méi cho hé tu van cdng tac theo ngir canh la: 1) Thuat toan loc
cOng tac theo nglr canh dua vao mirc do tuong tu gitrta cac cdp nguoi dung trén mo

hinh d6 thi (IS-UserBased-Graph); 2) Thuat toan loc cong tic theo ngit canh dua
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vao muc do twong tu gitra cac cip san phim trén mo hinh dd thi (IS-ltemBased-
Graph). Phan trinh bay dudi day sé trinh bay day du hai thuat toan nay.
Thuat toan lgc cfng tac theo ngir cinh dwa vao mirc d twong tu giira cac

cip nguoi dung trén mé hinh do thi

Piu vao:

- Ma trgn danh gid da chiéu Ry (chira thong tin ngi canh).

- u, € U la nguwoi dimg hién thoi can dwoc tw van.

- ¢ € (€, X C, X ... X Ck) langir canh ing voi nguoi dung hién thoi.
- K, la s6 lwong nguoi ding trong tdp ldng giéng véi ug.

- K, la sé luong san pham can tw van cho u,.

Pau ra:

- Danh séach K, san phdm tw van téi nguoi ding u, trong tinh huéng ngé canh c.
Cac budc thuc hién:

Bwéc 1. Chuyén doi ma trdn danh gid dang da chiéu Ry vé dang hai chiéu R,
Theo phuong phap phan tach san pham theo ngit canh ( Muc 2.3.4.1).

Buwéc 2. Tinh mitc d twong tw gitta cdc cdp ngueoi ding dwa trén mé hinh do thi
Biéu dién d6 thi cho hé tu van (Muc 2.3.4.2).
L < 2; /[Thiét lap do6 dai duong di ban dau giita cac cap ngudi ding
Repeat
wW.wT, L=2
W.WT.UZY"2, L = 4,68, ...
L < L + 2;/l Tang d6 dai duong di.
Until (uzle # 0 véi moi u; € (U\w,));

UZL={

- Bwée 3. Sinh tw vdn cho nguoi diimg hién thoi ug, trong ngi# canh c.
e V&i mdi nguoi dung hién thoi ug,, chon K; ngudi dung c6 mic do tuong tur
cao nhat véi u, lam tip lang giéng. Ki hiéu U, 1a tap lang giéng cla u,

gbém K; ngudi dung.

® Dy doan danh gia chua biét r,; cha nguoi dung u, v6i san phamt; € T
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ZrijERj rij
T =——

ji= ,R] = {Tijlrij * O,ul’ S Ua}
|R;]

e Chuyén d6i ma tran du doan danh gia hai chiéu chira san pham gia lap
(trong tap T) vé ma tran du doan danh gia da chiéu chira san pham thyc
(thudc tap P) va tinh hudng ngir canh di kém (thudc tap C).

e Chon K, san pham thyc trong P c6 danh gia du doan cao nhat dé tu van
cho ngudi ding u,, trong tinh huéng ngir canh c.

Thuat toan 2.1. Thuat toan IS-UserBased-Graph
Thuéat toan lgc cong tac theo ngir cinh dua vao mirc d¢ twong tu gilra cac

cip san phim trén mé hinh do thj

Piu vao:

- Ma trgn danh gid da chiéu Ry (chira thong tin ngit canh).

- u, € U la nguwoi dimg hién thoi can dwoe tw vin.

- ¢ € (C; X Cy X ... X Ck) langir canh wng voi u,.

- K, 1 s6 lwong san pham trong tdp lang giéng véi san pham dwoc u, ddnh gid.

- K, la 5o lwong san phdam can tw van cho u,.

Pau ra:

- Danh sach K, san pham tw van téi nguoi ding u, trong tinh huéng ng canh c.
Cac budc thue hién:

Bwéc 1. Chuyén déi ma tran danh gid dang da chiéu Ry vé dang hai chiéu R,
Theo phuong phap phén tach san pham theo ngit canh ( Muc 2.3.4.1).

Budc 2. Tinh mirc do twong tu gitra cdc cap san phcfm dvea trén mé hinh do thi
Biéu dién db thi cho hé tu van (Muc 2.3.4.2).
L < 2; /[Thiét lap d6 dai dudng di ban dau giira cac cap san pham
Repeat
wr.w, L =2
WT.W.TZY" 2, L = 4,6,8, ...
L < L + 2;// Tang 406 dai duong di.
Until (tz,ﬁj # 0voimoi t, € (T\t)));

TZL={
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- Bwée 3. Sinh tw vdn cho nguoi dimg hién thoi u, trong ngi# canh c.
e Thyc hién l3p: véi mdi san pham gia lap t; € T chua dugc danh gid boi
nguoi dung u,
o Chon K, san phdm c6 mic do twong tw cao nhat véi ¢; lam tap lang
giéng. Ki hiéu T; 1a tap lang giéng cua ¢; gdm K; san pham.
o Du doan danh gia chua biét r,, ; Cua nguoi ding u, Véi t; € T;

_ ZrakERa Tak

Taj = , R = {Tak|Tar # 0, € T}}
|Rq|

e Chuyén d6i ma tran du doan danh gia hai chiéu chira san pham gia lap
(trong tap T) vé ma tran du doan danh gia da chiéu chira san pham thyc
(thudc tap P) va tinh huéng ngir canh di kém (thudc tap C).

e Chon K, san pham thuc trong P c6 danh gia du doan cao nhat dé tu van
cho ngudi ding u, trong tinh hudng ngir canh c.

Thuat toan 2.2. Thuat toan IS-ltemBased-Graph
Tai budc 2 cua thuat toan IS-UserBased-Graph va IS-ltemBased-Graph, diéu
kién ding dé tinh dwoc mirc do twong tu gitta cac cip nguoi ding hodc cc cip san

phém dugc xac dinh can ¢t vao Pinh 1y 2.1 va Pinh 1y 2.2 néu ra tai Muc 2.2.2.

2.4.  Thuce nghiém va két qua

Noi dung phan nay trinh bay danh gia hiéu qua ctia phuong phap dé xuét trong
su so sanh v6i cac phuong phép tu van theo ngit canh phd bién.
2.4.1. Dir ligu thuc nghiém

Dé thay rd hiéu qua ctia phuong phap dé xuét, tac gia thuc hién tién hanh thuc
nghiém trén ba bo dir li¢u DepaulMovie [103], MovieLens (https://grouplens.org/),
InCarMusic [103].

- Bo dir ligu DepaulMovie chira 5043 danh gia tir 97 nguoi dung cho 79 phim
trong cé4c tinh hudng ngit canh khac nhau. Bo dit liéu nay c6 3 chiéu ngir canh l1a
Time, Location, Companion. Chiéu ngit canh Time c6 2 diéu kién ngir canh

(“Weekend”, “Weekday”), chiéu ngir canh Location c¢6 2 diéu kién ngir canh
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(“Home”, “Cinema”), chiéu ngit canh Companion c6 3 diéu kién ngit canh
(“Alone”, “Family”, “Partner”). Cac mirc danh gia nam trong dai tir 1 dén 5,
muc do thua thdot cua dir liéu 1a 94,516%. Cac murc danh gia 1, 2, 3, 4, 5 dugc

chuyén doi thanh 0.2, 0.4, 0.6, 0.8, 1.0.

- B0 dir liéu MovieLens 100K chira 100000 danh gia tir 973 nguoi dung, 1682
phim trong céc tinh hubng ngir canh khac nhau. Bo dit liéu ndy c6 2 chiéu ngi
canh 1a TimeOfDay, TimeOfWeek. Chiéu ngit canh TimeOfDay c6 5 diéu kién
ngit canh (“Morning”, “Noon”, “Afternoon”, “Evening”, “Night”), chiéu ngi
canh TimeOfWeek c6 2 diéu kién ngir canh (“Weekend”, “Weekday”). Cac mirc
danh gia nam trong dai tir 1 dén 5, mirc @6 thwa thét caa dit lieu 1a 93,89%. Cac
murc danh gia 1, 2, 3, 4, 5 duoc chuyén do6i thanh 0.2, 0.4, 0.6, 0.8, 1.0.

- Bo dir liéu InCarMusic chira 3938 danh gia tir 1042 nguoi dung, 139 album
trong cé&c tinh hudng ngit canh khac nhau. Bo dit liéu nay c6 8 chiéu ngir canh l1a
Driving style, Road type, Landscape, Sleepiness, Traffic conditions, Mood,
Weather, Natural Phenomena. Chiéu ngir canh Driving style c6 2 diéu kién ngit
canh (“Relaxed driving”, “Sport driving”), chiéu ngit canh Road type c6 3 diéu
kién ngit canh (“City”, “Highway”, “Serpentine”), chiéu ngit canh Landscape c6
4 diéu kién ngtr canh (“Coast line”, “country side”, “mountains/hills”, “Urban”),
chiéu ngir canh Sleepiness c¢6 2 diéu kién ngit canh (“Awake”, “Sleepy”), chiéu
ngit canh Traffic conditions c6 3 diéu kién ngit canh (“Free road”, “Many Cars”,
“Traffic jam”), chiéu ngir canh Mood co 4 didu kién ngir canh (“Active”,
“Happy”, “Lazy”, “Sad”), chiéu ngir canh Weather ¢ 4 diéu kién ngir canh
(“Cloudy”, “Snowing”, “Sunny”, “Rainy”), chiéu ngit canh Natural Phenomena
c6 4 diéu kién ngit canh (“Day time”, “Morning”, “Night”, “Afternoon”). Cac
mtc danh gia nam trong dai tr 1 dén 5, mic do thua thét cua dir ligu 1a
99.9996996%. Cac mirc danh gia 1, 2, 3, 4, 5 duwoc chuyén dbi thanh 0.2, 0.4,
0.6, 0.8, 1.0.

2.4.2. Cai dat thuc nghiém
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242.1. DPpdo

Hai nhiém vu chinh cta hé tu van la du doan danh gid va tu van danh sach ngin
cac san pham cho ngudi ding hién thoi. Pé danh gia hiéu qua cua danh gia du doan,
cac do do thuong duogc sir dung 1a MAE, RMSE, MPE. Bé danh gia hiéu qua tu van
danh sach san phiam, cac do do dién hinh dugc s dung I Precision@N,
Recall@N va MAP@N.

Qua khao sat, viéc cai dit cac phuwong phap tu van theo ngit canh co sé hién nay
thuong dua ra truc tiép danh sach cac san pham tu van ma khong tra vé két qua du
doan danh gia, nén khi thuc nghiém danh gia do chinh xac céc thuat todn nay dung
d6 do Precision@N, MAP@N dé danh gia. Mic du dé dua ra tu van, phuong phap
dé xuat boi luan 4n tinh qua 2 giai doan chinh 13 du doan danh gia va lay két qua
danh gia dy doan 1am co so sinh ra tu van danh sach san pham, tuy nhién dé thuan
tién trong viéc so sanh Vi cac phuong phap tu van theo ngir canh co so, tac gia s&
sir dung cung d6 do danh gia do chinh xéac cua danh sach tu van (Precision@N,
MAP@N) dé so sanh hiéu qua ctia phuong phap dé xuat véi cac phuong phap co so.
Chi tiét cac d6 do Precision@N, MAP@N dugc trinh bay trong Muc 1.6.3 cua

luan an.

Trong thuc nghiém, luan an st dung N = 10. Gia tri Precision@N va MAP@N
16n thé hién thuat toan tu van c6 d6 chinh xac cang cao.
2.4.2.2. Phwong phap thwc nghiém

Dé danh gia do chinh xac cua danh sach san pham tu van, tac gia st dung ly
thuyét vé phwong phap danh gia hé théng duoc trinh bay trong Muc 1.6.1 cta ludn
an. Trong d6, cach phan chia tap dir liéu U thanh 2 tdp Uyain VA Uyest dugc str dung 1a
phuong phap kiém thir chéo (k-fold cross-validation) vi day 1a phwong phap duoc
sir dung rong rai va cho két qua danh gia khach quan nhat. Trong thuc nghiém, luan
an s& ldy k = 10 dé tién hanh chia dir liéu kiém nghiém. Viéc thuc nghiém duoc

thuc hién 10 lan va lay trung binh két qua thuc nghiém.

2.4.2.3. Céc phwong phap tu vin dwoc sit dung dé so sanh
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BiasedMF [29]: Phuong phéap tu van khdng dya vao ngit canh, st dung mé hinh

BiasedMF dé giai quyét bai toan loc cong tac.

UserSplitting-BiasedMF [102]: Phuong phap tu van dua vao ngit canh, sir dung
phuong phéap phan tach ngudi dung theo ngir canh nguyén thay, trong d6 mdi
nguoi dung duoc tach thanh hai ngudi ding gia 1ap tdy thudc vao tinh hudng
ngit canh két hop véi ho. Sau d6 huén luyén va dua ra tu van sir dung phuong

phap phan rd ma tran BiasedMF (Biased-Matrix Factorization) [29].

ltemSplitting-BiasedMF [101][104]: Phuong phap tu van dya vao ngit canh, six
dung phuong phap phan tach san pham theo ngir canh nguyén thuay, trong d6
mdi san pham duoc tach thanh hai san pham gia lap tuy thuoc vao tinh huéng
ngit canh két hop véi n6. Sau d6 huan luyén va dua ra tu van s dung phuong

phap phan rd ma tran BiasedMF.

UISplitting-BasedMF [104]: Phuong phap tu van dua vao ngit canh, sir dung
phuong phap phéan tach ca ngudi ding va san pham theo ngit canh, sau d6 huan

luyén va dua ra tu van st dung phuong phap phan rd ma tran BiasedMF.

SLIM [105] (Sparse Linear Method): Phuong phap tu van khong dwa vao ngit

canh, sir dung mé hinh SLIM dé giai quyét bai toan loc cong tac cho hé tu van.

CSLIM [93]: Phuong phép tu van dya vao ngit canh, mo rong tir phuong phap
tuyén tinh thwa SLIM [105] cho hé tu van theo ngir canh. Trong thuc nghiém
luan &n lya chon phuong phap SLIM két hop véi md hinh héa ngir canh dua trén
d6 twong quan da chiéu MCS (Multidimensional Context Similarity) — goi tat 1a
CSLIM_MCS, bién thé cua CSLIM, duoc danh gia cho hiéu qua tu van cao

trong nhiéu truong hop dé so sanh danh gia.

ItemSplitting-SLIM [106]: Phuong phap tu van dya vao ngit canh, st dung
phuong phap phan tach san pham theo ngir canh nguyén thily, trong d6 mdi san
pham duogc tach thanh hai san pham gia lap tdy thudc vao tinh huéng ngir canh
két hop vai nd. Sau d6 huan luyén va dua ra tu van sir dung phuong phap tuyén
tinh thua SLIM.
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- UserBased-Graph: Phuong phap tu van khong dua vao ngir canh, st dung: két
hop phuong phéap tinh d6 twong tur gita c4c cap ngudi ding dya trén mo hinh do
thi (Theo dé xuat myc 2.2.2.1 cua luan &n) véi phuong phap User-Based k-NN

dé thuc hién huan luyén va dua ra tu van.

- IltemBased-Graph: Phuong phap tu van khdng dua vao ngit canh, st dung: két
hop phuong phép tinh d6 twong tw giita cc cip san pham dya trén md hinh d6
thi (Theo dé& xuat muc 2.2.2.2 caa luan &n) véi phuong phap Item-Based k-NN

dé thuc hién huan luyén va dua ra tu van.

- ItemSplitting-UserBased-Graph: Phwong phap loc cong tac theo ngir canh két
hop hai phuong phap: 1) ItemSplitting - Phan tach san pham theo ngit canh
nguyén thay (Dung 1 chiéu ngix canh); 2) UserBased-Graph.

- ItemSplitting-ltemBased-Graph: Phuong phap loc cong tac theo ngir canh két
hop hai phuong phap: 1) ItemSplitting - Phan tach san pham theo ngit canh
nguyén thity (Dung 1 chiéu ngix canh); 2) ItemBased-Graph.

- IS-UserBased-Graph: Phuong phap loc cong tac theo ngit canh két hop hai
phuong phap: 1) Loc truéc theo ngit canh cai tién; 2) UserBased-Graph. Pay 1a
phuong phap luan an dé xuat trinh bay trong Muc 2.3.4.

- IS-ItemBased-Graph: Phuong phap loc cong tac theo ngit canh két hop hai
phuong phap: 1) Loc trudc theo ngit canh cai tién; 2) ItemBased-Graph. Pay 1a
phuong phap luan an dé xuét trinh bay trong Muc 2.3.4.

- 1S-Graph: (Phuong phéap tu van dya vao ngir canh) sir dung phuong phap phan
tach san pham theo ngir canh cai tién, sau d6 huan luyén va dua ra tu van st
dung phuong phap loc cong tac dua trén mé hinh db thi dwoc dé xuat béi Huang
va cac cong su [35]. Trong thuc nghiém d6 dai duong di tir dinh ngudi dung toi
dinh san pham trén db thi dwoc gigi han 12 5 dé cho két qua tét nhat.

Dé thuc nghiém cic phuong phap nay, tac gia sit dung mdy tinh ¢ cdu hinh:

Intel Core i7-3770 CPU va 8GB RAM. Céc thudt toan tu van theo ngit canh co s&

d3 c6 duogc thue nghiém dya vao bo thu vién CARSKIT [103], cac thuat toan tu van
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dé xuit do tac gia tu cai dat va thuc nghiém theo cing chién lugc thuc nghiém voi
phuong phép co sd, d6 1a kiém thir chéo (k-fold cross-validation, k = 10) va dung
cung cac d6 do danh gia do chinh xac danh sach dy doan phd bién (Precision@]10,
MAP@10) dé so sanh. Dé dam bao danh gia cong bang phuong phap dé xuat so véi
cac phuong phép co so, tac gia thuc hién 10 lan va ldy trung binh két qua thuc
nghi¢m.

Céac phuong phap tu van theo ngit canh co so duoc thuc nghiém véi cac gia tri
tham sb khac nhau va lua chon két qua do chinh xac tdt nhit dé so sanh véi cac
phuong phap dé xuat boi luan an. Chi tiét vé mién gia tri cho cac tham sb cia cac
phuong phap tu van theo ngir canh co so trinh bay trong nhimng cong trinh nghién
ctru lién quan duoc tham chiéu o trén.

2.4.3. Két qua thuc nghiém

Bang 2.7. Gia tri Precision@ 10, MAP@10 trén tap DepaulMovie

Phwong phap Precision@10 | MAP@10
BiasedMF 0.082 0.141
UserSplitting-BiasedMF 0.089 0.162
ItemSplitting-BiasedMF 0.086 0.147
UlISplitting-BiasedMF 0.084 0.144
SLIM 0.084 0.145
CSLIM 0.085 0.121
ItemSplitting-SLIM 0.092 0.158
UserBased-Graph 0.087 0.149
ItemBased-Graph 0.085 0.150
ItemSplitting-UserBased-Graph 0.121 0.134
ItemSplitting -1temBased-Graph 0.124 0.151
IS-UserBased-Graph 0.121 0.159
IS-1temBased-Graph 0.125 0.158
IS-Graph 0.117 0.148
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Bang 2.8. Gia tri Precision@ 10, MAP@10 trén tap MovieLens 100K

Phwong phap Precision@10 | MAP@10
BiasedMF 0.027 0.0064
UserSplitting-BiasedMF 0.030 0.0076
ItemSplitting-BiasedMF 0.029 0.0065
UISplitting-BiasedMF 0.028 0.0066
SLIM 0.022 0.0060
CSLIM 0.004 0.0005
ItemSplitting-SLIM 0.023 0.0061
UserBased-Graph 0.028 0.0065
ItemBased-Graph 0.034 0.0068
ItemSplitting-UserBased-Graph 0.057 0.0085
ItemSplitting -1temBased-Graph 0.069 0.0097
IS-UserBased-Graph 0.085 0.0104
IS-ItemBased-Graph 0.103 0.0108
IS-Graph 0081 0.0089

Bang 2.9. Gia tri Precision@ 10, MAP@10 trén tap InCarMusic

Phwong phap Precision@10 | MAP@10
BiasedMF 0.032 0.121
UserSplitting-BiasedMF 0.033 0.125
ItemSplitting-BiasedMF 0.034 0.127
UISplitting-BiasedMF 0.033 0.117
SLIM 0.023 0.064
CSLIM 0.018 0.038
ItemSplitting-SLIM 0.023 0.065
UserBased-Graph 0.033 0.123
ItemBased-Graph 0.035 0.130
ItemSplitting-UserBased-Graph 0.035 0.063
ItemSplitting -1temBased-Graph 0.036 0.111
IS-UserBased-Graph 0.034 0.147
IS-1temBased-Graph 0.037 0.142
IS-Graph 0.014 0.115
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Mot s6 nhan xét dugc dua ra can ctr vao phan tich két qua thuc nghiém dua ra

trong Bang 2.7, Bang 2.8, Bang 2.9 nhu sau:

1)

2)

3)

Céc phuong phap loc cong tac cho hé tu van khéng sir dung ngit canh: phuong
phap loc cong tac st dung do do twong ty dua trén mé hinh dd thi dé& xuét bai
luan an (Muc 2.2), d6 la UserBased-Graph, ItemBased-Graph cho
Precision@10 va MAP@10 cao hon BiasedMF va SLIM trén ca 3 tap dir liéu.
Diéu d6 khang dinh viéc khai thac mdi quan hé bic cau giira cac dinh dya vao
mo hinh db thi gilp cai thién dang ké chat luong du doan so véi cac phuong

phap co so trong cac hé tu van khong sir dung ngit canh.

Cac phuong phap phan tach theo ngir canh (UserSplitting / ItemSplitting /
UISplitting) két hop vai phuong phap phan rd ma tran MF cho chat luong tu van
khé tét. Miac du, phuong phap UserSplitting-BiasedMF cho gia tri MAP@10 16n
nht so Vi cac phuong phap con lai trén tap di liéu DepaulMovie nhung khong
thé khang dinh mot trong ba phuong phap UserSplitting-BiasedMF,
ItemSplitting-BiasedMF, UISplitting-BiasedMF 1a cho chat lugng tu van tét hon
cac phuong phéap con lai trong moi bo dit liéu. Pong thoi, két hop phuong phap
phan tach theo ngir canh véi phuong phap BiasedMF cho lai do chinh xac tot
hon phwong phap BiasedMF thuan tay cho loc cong tac. Biéu nay hoan toan phu

hop vai nhitng nghién ciru trude day [102].

Két qua thuc nghiém ciing chi ra rang cac phuong phap phan tach theo ngit canh
két hop véi phuong phap BiasedMF cho chat lugng tu van tot hon phuong phép
CSLIM trén ca ba tap dit liu. Phuong phap CSLIM cho d6 chinh xac thap hon
phuong phap ItemSplitting-SLIM, tham chi thap hon SLIM & 2 trong 3 tap dir
licu. PBicu d6 cho thay sy két hop ctia cac phuong phap phan tach theo ngit canh
Véi cac phuong phap tu van truyén thdng cho lai hiéu qua tu van kha tot so Véi
cac phuong phép tu van theo ngir canh khac, day ciing 1a huéng tiép can dé dua

ra dé xuat phuong phap tu van theo ngir canh méi cua tac gia trong luan an.
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Cac phuong phap dya trén md hinh dd thi s dung 1 chiéu ngi canh
ItemSplitting-UserBased-Graph,  ItemSplitting-ltemBased-Graph  cho  lai
Precision@10 t6t hon, nhung MAP@]10 lai cho két qua thap hon cac phuong
phap dua trén mo hinh d6 thi khéng st dung ngir canh UserBased-Graph /
ItemBased-Graph & 2 trong 3 tap dit liéu. Bong thoi khi so sanh ItemSplitting-
UserBased-Graph, ItemSplitting-ltemBased-Graph véi cac phuong phap tu van
theo ngir canh co sd ciing huéng st dung két hop ItemSplitting ciing cho két qua
tuong tu, tic 12 Precision@10 c6 gia tri tt hon nhung MAP@10 cho gia tri thap
hon. Nhu vay c6 thé khang dinh viéc ding 1 chiéu ngit canh trong phuong phap
phan tach san pham theo ngir canh két hop véi phuong phap dua trén d6 thi chua
han 1a giai phap téi uu.

Két hop phuong phap phan tach san pham theo ngit canh cai tién (sir dung dong
thoi nhiéu chiéu ngit canh) va phuong phap UserBased-Graph, ItemBased-
Graph dé tao thanh phuong phap dé xuat 1S-UserBased-Graph, 1S-ltemBased-
Graph. Trong d6, can ci trén thuc nghiém cac phuong phap dé xuat o trén, tac
gia chon gi& tri L = 6 va sé luogng phan tir trong tap lang giéng 1a 30 dé cho két
qué tot nhat. So sanh vé gia tri Precision@10 nhan thay phuong phap dé xuat IS-
UserBased-Graph, 1IS-ltemBased-Graph cho Precision@10 tuwong duong vdi
ItemSplitting-UserBased-Graph, ItemSplitting-ItemBased-Graph & 2 trong 3 tap
dit liéu (DepaulMovie va InCarMusic) va cao hon han ddi véi tap dir liéu
MovieLens. So sanh vé gia tri MAP@10 cua phuong phap dé xuat 16n hon
ItemSplitting-UserBased-Graph, ItemSplitting-ItemBased-Graph trong ca 3 tap
dit liéu. Piéu d6 chung t6 viéc s dung dong thoi nhiéu chiéu ngir canh gilp bd
sung thdng tin hitu ich cho qué trinh tu van hon viéc st dung 1 chiéu ngit canh
Xét ca & tiéu chi Precision@10 va MAP@10. Két qua kiém nghiém ciing chi ra
rang phuong phap dé xuit 1S-UserBased-Graph, 1S-ItemBased-Graph cho lai d6
chinh xac Precision@10 t6t hon cac phuong phép co so. Dic biét, phuong
phap 1S-ItemBased-Graph cho Precision@10 cao nhat dbi véi ca ba tap dit liéu

va MAP@10 cao nhét trén tap dir liéu MovieLens. Phuong phap 1S-UserBased-
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Graph cho MAP@10 cao nhat trén tap dir liéu InCarMusic. Quan sat riéng trén
tap dir lieu DepaulMovie, tdc gia nhan thiay phuong phap UserSplitting-
BiasedMF cho MAP@10 cao nhét cac phuong phap khac, diéu nay cé thé duoc
ly giai 12 do DepaulMovie la tap dit liéu it thua thot nhat trong ba tap dit liéu.
Céc két qua nay dua ra bang ching cho thiy phuong phap dé xuat boi luan an it
nhay cam véi dit liéu thua thét so véi cac phuong phap tu van theo ngir canh co

sd, du thuc té phuong phap dé xuit tich hop day du cac thdng tin ngit canh.

Trong hai phuong phap d& xuat bai luan an, 1S-ltemBased-Graph cho d6
chinh xac Precision@10 cao hon 1S-UserBased-Graph, diéu nay duoc Iy giai
1a boi Vi tai budc 1 cua thuat toan, cac san pham dugc phan tach thanh cac san
pham gia 1ap nén thdng tin vé san pham duoc khai thac chi tiét va day du hon

cho qué trinh huan luyén va sinh tu van sau do.

Quan sét két qua thuc nghiém cua viéc két hop gitra phuong phap phan tach san
pham theo ngit canh cai tién (sit dung dong thoi nhiéu chiéu ngir canh) véi
phuong phap loc cong tac dua trén mo hinh db thi dugce dé xuat boi Huang va
cac cong su [35] (IS-Graph) cho hé tu van theo ngir canh thay rang hiéu ning
ctia phuong phép 1S-Graph thay doi tly thuoc vao bo dit liéu. So séanh hiéu nang
ctia phuong phap ndy véi cac phuong phap tu van theo ngit canh co sd, ching ta
nhan thdy phuong phap IS-Graph cho gié tri Precision@10 cao hon han céac
phuong phéap tu van theo ngir canh dya trén giai thuat MF va SLIM da dé cap &
trén khi xét trén tap dir lieu DepaulMovie va MovieLens, nhung lai thip hon ddi
Vv6i tap dix lieu InCarMusic. Sy khong 6n dinh vé mit hiéu ning cua phuong
phap 1S-Graph trong su so sanh vai cac phuong phap khac khi xét voi cac bo dix
liéu khac nhau cho thay viéc tinh mtc d6 phi hop cua san pham chua dugc danh
gid v6i nguoi ding c6 loi diém 1a cho phép khai thac mdi quan hé bac cau giira
dinh nguoi dung va dinh san pham dua trén d6 thi, gitp han ché anh huang van
dé dir liéu thua. Tuy nhién tir su bién dong cua két qua kiém nghiém ddi voi
phuong phap IS-Graph, c6 thé khang dinh rang céch tiép can cia phuong phap

nay cd thé khong phai la cach tét nhat dé khai thac méi quan hé bac cau gitra cac
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dinh trén d6 thi cho muc dich tu van. Phuong phap dé xuit boi luan an IS-
UserBased-Graph, I1S-l1temBased-Graph cho lai d6 chinh xac cao hon I1S-Graph,
diéu d6 c6 thé khang dinh viéc két hop khai thac mdi quan hé bic cau gitra cac
cip nguoi dung hoac cac cap san pham va giai thuat KNN cho lai hiéu qua tu van
t6t hon viéc khai thac méi quan hé bic cau giira dinh ngudi dung va san pham

trén dd thi trude day.

2.5. Két luan chwong 2

Chuong nay da trinh bay mot do do tuong tu gilta cac cdp nguodi dung hoac cac
cap san pham moi dé giai quyét bai toan loc cong tac cho hé tu van truyén thong va

trong tdm vao mo rong cho hé tu van theo nglr canh.

Pé dua ra mic do tuwong tu giita cac cip nguoi ding hodc cac cap san pham cho
loc cong tac, luan 4n d¢& xuat bicu dién dd thi cho ma tran danh gia hai chiéu ngudi
ding — san pham va xay dung mot do do twong ty moi giira cac cip ngudi ding
hoac cac cap san phém dua trén mo hinh biéu dién d6 thi nay. Viéc xac dinh mac do
tuong tu gitra cac cip nguoi dung hodc cac cip san pham khi d6 s& dya trén cac mbi
quan hé truc tiép va bac cau gitta cac dinh ngudi dung hodc giira cac dinh san pham
trén d6 thi, didu nay gitp han ché anh hudng cta van dé dir liéu thua cua loc cong
tac. Pay chinh 1a vu diém cua d6 do tuwong ty dé xudt so véi cac do do twong tu dua
vao bo nhé trude day vao viée giai quyét bai toan loc cong tac theo bd nhé cho hé

tu van truyén thong.

Trén co s& d6 do tuwong tu giira cac cap nguoi dung hodc giita cic cap san pham
dura trén mo hinh do thi, luan 4n dua ra dé xuit phuong phéap tu van theo ngit canh
mdi voi hai thuat toan IS-UserBased-Graph, 1S-lItemBased-Graph. Phuong phap tu
van theo ngit canh dé xuét cho phép khai thac ddy du thong tin ngit canh bang viéc
st dung thu tuc phan tach san pham cai tién theo ngir canh nham chuyén hoa san
pham ban dau thanh cc san pham gia 1ap. Cac san pham gia lap thu nhan duogc 18
thudc vao su két cip ciia cic san pham ban dau trong timg tinh hudng ngit canh cu

thé, su da dang cua cac tinh hudng ngit canh kéo theo tip san pham gia 1ap thu dugc
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¢6 kich thude 16n hon kha nhiéu so véi tip san phdm ban dau. Viéc nay ciing dong
thoi gilp chuyén héa ma tran danh gia da chiéu ban dau (U x P x C = R) vé dang
ma tran danh gia hai chiéu (U X T — R). Ma trn danh gia hai chiéu thu duoc giup
don gian trong cai dat va cho phép tai sir dung cac phuong phéap loc cong tac cua hé
tu van truyén théng dé sinh tu van. Trong dé xuét cia minh, tic gia khong sir dung
nhirng phuong phap loc cong tac cho hé tu van truyén thong da biét 1én ma tran
danh gia hai chiéu gia lap dé suy ra du doan cho hé tu van theo ngit canh. O day, tac
gia da khai thac chinh nghién ctru cia minh vé d6 do twong tu giita cac cip ngudi
dung hodc cac cip san pham cho hé tu van cong tac truyén thong dé xuat trong Muc
2.2 cta luan an, két hop v6i phuong phap kNN vao ma trdn danh gia hai chiéu gia
lap dé thuc hién huan luyén va sinh du doan danh gia ctia nguoi ding cho céac san
phém gia lap. Tu danh sach san phém gia lap, anh xa nguoc lai ta thu dugc cac san
pham gdc kém tinh hubng ngit canh twong Gmg. Sau d6, chon nhimng san pham cé
danh gia cao boi ngudi dung hién thoi trong tinh hudng ngir canh cho trude dé dua

ra tu vin theo ngir canh cho ngudi ding.

Nhu vay phuong phap loc cong tac dya trén mo hinh d6 thi dé xuat cho hé tu
van theo ngit canh cho phép tich hop ddy du thong tin ngit canh vao qua trinh dy
doan san pham phut hop cho ngudi ding va han ché anh huéng van dé thua dit liéu
danh gia. Két qua kiém nghiém trén ca ba tap dir liéu thuc cho thiy phuong phap dé
xut cho lai két qua du doan t6t hon cac phuong phap tu vén theo ngit canh co so,

dac biét trong truong hop dir liéu thua.
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CHUONG 3: PHAT TRIEN PHUONG PHAP LOC KET
HOQP BANG PONG HUAN LUYEN

Noi dung chuong 3 trinh bay két qua nghién ctru cta luin an vé dé xuét
phuong phap han ché anh huéng cua van dé dir liéu thua cho loc cong tac bang
dong huan luyén (Co-Training), 1am co so dé xuat phuong phap loc két hop bang
dong huan luyén. Phuong phap loc két hop dé xuat phat trién tir phuong phép loc
cong tac bang déng huan luyén cho phép giai quyét van dé dir liéu thua, dong thoi
tich hop day du thong tin ngudi dung, san phim va danh gia ciia ngudi dung véi san

pham vao qua trinh dy doan danh gid, tir 6 ning cao chat luong hé tu van.

Trudc hét, cac han ché cua viéc giai quyét van dé dir lidu thua va tich hop
hiéu qua cac thong tin lién quan trong cac phuong phép loc két hop di cé duoc trinh
bay trong Muc 3.1. Muc ndy ciing ddng thoi néu ra hudng dé xuat phuong phap loc
két hop méi cta luan an trong su nhin nhan véi nhitng nghién ctru lién quan. Tiép
theo, muc 3.2 trinh bay d& xuit phuong phap loc cong tic bang déng huan luyén.
Trén co so dé xuat do, luan an dé xuat phuong phép loc két hop bang dong huan
luyén trong Muc 3.3. Muc 3.4 trinh bay vé két qua thuc nghiém, so sanh va danh gia
phuong phap d& xuit trong su so sanh v&i cac phuong phép tu van co sd. Muc cubi

cung 3.5 1a két luan va hudng nghién ctru tiép theo.

No6i dung Muc 3.2 trinh bay trong chuong dugc tong hop tir két qua nghién
ctru [C2]; Noi dung Muc 3.3 duoc tong hop tir két qua nghién ctru [C5][C6][I1].

3.1. Pitvan dé

Nhu di trinh bay trong Chuong 1, loc két hop 1a phuong phap két hop céc
phuong phép tu van khac nhau cho phép ta tan dung dugc lgi thé mdi phuong phap
trong viéc nang cao két qua du doan. C6 bon hudng tiép can chinh dé giai quyét bai
toan loc két hop cho hé tu van truyén théng duoc dé cap trong Muc 1.5.3 1a: 1) Két
hop céc két qua du doan cua loc cong tac va loc ndi dung trong loc két hop; 2) Két

hop dac tinh cua loc ndi dung vao loc cong tac; 3) Két hop déc tinh cua loc cong tac
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vao loc ndi dung; 4) Xay dung md hinh hop nhét cho ca loc cong tac va loc ndi
dung. Trong cac huéng tiép can trén, luan an tiép can hudng 2 vé két hop dic tinh
ctia loc ndi dung vao loc cong tic dua vao bd nhé dé phat trién phuong phap loc két
hop méi cho hé tu van. Ly do cho hudng tiép can ndy cta ludn an 1a viéc dich
chuyén bai toan loc két hop vé bai toan loc cong tic dwa vao bd nhé s& phat huy t6i
da wu diém cta phuong phép loc cong tac dua vao bo nhé trong cac hé tu van thuc
té [14][46][53]. Pong thoi, tiép can loc két hop theo hudng nay con gitip tich hop
day du thong tin danh gia cliia nguoi dung voi san pham, ndi dung ngudi ding va

ndi dung san pham vao qua trinh tu van, tir d6 céi thién chat lugng tu van.

Tuy nhién khi chuyén dich bai toan loc két hop vé bai toan loc cong tac dua
vao bd nho theo hudng tiép can két hop dac tinh cua loc ndi dung vao loc cong tac
thi tt ca cac thong tin dau vao cua hé tu vin 13 mot ma trin danh gia duy nhat. Ma
tran danh gia hop nhét nay thé hién day du méi quan hé giita nguoi dung, san pham,
dic trung ngudi dung, dic trung san pham. Nhu vdy vin dé miu chdt trong cac
phuong phap loc két hop theo hudng nay 1a: (1) Lua chon phuong phap trich chon
dic trung phu hop, sau d6 13 (2) Giai quyét van dé dir liéu thua trén ma tran danh
gia hop nhat. Bé giai quyét bude (1), cac nghién ctru di c6 thudng lwa chon phuong
phap TF-IDF trong viéc xay dung ho so ngudi ding, khi d6 véc to dic trung xay
dung dugc cho mdi nguoi dung hodc san phém 1a mot sb thuc trai déu trong khoang
[0,1] c6 mién gi4 tri khong dong nhat véi mién gia tri danh gid nguoi ding — san
phém, diéu nay khién cac dic trung ndi1 dung chua dugc két hop hi¢u qua vao loc
cong tac. Ngoai van dé thiéu sy két hop hiéu qua cac dic trung ndi dung vao loc
cong tac, cac nghién ctru dd c6 theo hudng nay van dbi mit v6i van dé dir liéu thua
clia ma tran danh gid hop nhat can phai tiép tuc nghién ciru.

Nham phét huy thé manh cua loc két hop theo hudng tiép can két hop dic tinh
cua loc ndi1 dung vao loc cong tac dua vao bo nhd, dff)ng thoi khic phuc nhugc diém
vé anh huong van dé dir liéu thua va tich hop hiéu qua cac dic trung ndi dung vao
loc cong tac trong cac phuong phap ciung huéng da co, trong Muc 3.2 tiép theo luan

an trinh bay dé xuit mot phuong phap méi giai quyét van dé dir liéu thua cho loc
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cong tac bang doéng huin luyén. Dong huan luyén thyc hién doéng thoi hai mé hinh
phan 16p doc lap khi quan sat dir liéu theo nguoi dung va theo san phim nham dua
ra nhitng danh gia du doan déng vai tro chia sé va bo sung thong tin giira hai mo
hinh phén 16p khac nhau, gop phan nang cao két qua du doan va han ché anh hudng
cliia van dé dir liéu thua trong loc cong tac. Trén co s loc cong tac bang phuong
phap dong huén luyén, luan an dé xuit phuong phap loc két hop méi bang dong
huén luyén & Muc 3.3 nhdm giai quyét vin dé dir liéu va tich hop hiéu qua cac dic

trung ndi dung vao loc cong tac.

3.2. Loc cong tac bang phwong phap dong huan luyén

Bai toan loc cong tac nham du doan cac danh gia chua biét tir tap cac danh gia
d3 biét co thé phat biéu nhu bai toan phan 16p co so clia hoc may [25][26][68][107].
Dua trén danh gia cua nguoi ding v6i cic san phdm cua hé thong, moét mo hinh
phan 16p s& duoc xay dung va huin luyén dé dua ra du doan danh gia cua nguoi
dung hién thoi vé1 mot san phém cu thé. Do vay, viéc xac dinh dugc phuong phéap
phan 16p phu hop cho loc cong tac s& quyét dinh chat luong cua hé tu van. Bai toan

loc cong tac bang phan 16p duoc phat biéu nhu sau.
3.2.1. Phét biéu bai toan loc cong tac bang phan lép

Cho ma tran danh gia R = [r,] v6i i = 1,2,..,N; x = 1,2,..,M thé hién
mbi quan hé giira tap ngudi ding U va tap san pham P nhu duge trinh bay ¢ Muc
1.3. Céc hang ctia ma tran tuong ing véi tap nguoi dung, cadc ¢t cia ma tran tuong
mg voi tip san pham, cac phan tir 7;, cia ma trin twong Gng voi danh gia cia
ngudi dung u; dbi véi san pham p,. Thong thuong, mdi ngudi dung chi danh gia
mot tip rat nhé cac san pham, do vay da s cac gid tri 1, = 0. Nhiém vu cua loc
cong tac 1a dién vao hay du doan cac gia tri thich hop cho cic gia tri nay cia ma
tran danh gia.

Tiép can loc cong tac bang phan 10p ta can ca nhan héa mé hinh hoc theo

ngudi dung hodc theo san phdm nhim gan nhin cho nhitng gia tri danh gia chua
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biét trong ma trdn danh gid. Cac nhdn nay thudc dai gia tri voi cac gia tri danh gia
da biét.

3.2.2. Phan l6p bang phwong phap dong huan luyén

3.2.2.1. Giai quyét bai toan phan lép theo hwéng tiép can hoc ban giam sat

Vé co ban, bai toan phan 16p 1a mot loat bai toan cua linh vuc hoc may. Céc
nghién ctru vé hoc may dua trén phuong thirc hoc dit liéu chi ra ring c¢6 bon hudng
tiép can hoc may chinh [16][108], d6 1a: 1) Hoc c6 giam sat (Supervised learning);
2) Hoc khong giam sat (Unsupervised learning); 3) Hoc ban giam sat (Semi-
supervised learning); 4) Hoc cung c6 (Reinforcement learning). Trong d6, hoc c6
giam sat 1a phuong phap hoc tur tap dir liéu huin luyén ban dau hoan toan dugc gan
nhén tir truée dé dua ra du doan nhén cho cac mau dir liéu méi, do vay hoc co giam
sat thuong dugc sir dung trong cac bai toan phan 16p, phan loai (Classification).
Trai vo1 hoc c6 giam sat, hoc khong giam sat 1a phuong phap hoc tur tap dir licu
huan luyén ban dau hoan toan chwa duoc gan nhén, phuwong phap nay thuong duoc
stt dung cho 16p bai toan phan cum (Clustering). Dé két hop ca dit liéu c6 nhin va
chua c6 nhin trong tap dit liéu huan luyén ban dau, cdc phuong phap hoc ban gidm
sat dugc dua ra. Tuy vao tung muc dich cu thé, hoc ban giam sat co thé duoc ap
dung cho bai toan phan 16p hodc phan cum. Hudng tiép can hoc mdy cubi cing
duoc noi dén & day 1a hoc clung cd, theo cach tiép can nay vi¢c hoc tur dit liéu duogc
thuc hién lap di lap lai, tai moi lan 1ap cac thong tin phan hoi tir moi truong bén
ngoai dugc dua vao két hop vai dir liéu gbe dé thuc hién huan luyén dir lidu da biét.
Trong bén hudng tiép can hoc may chinh néu ra ¢ day thi phuong phap hoc ¢6 giam
sat va ban giam sat 1a hai huéng tiép can phu hop dé giai quyét bai toan phan 16p &
quy mb tdng quat.

Xét mirc d§ phu hop cua hai hudng tiép can hoc may (hoc cé giam sat, hoc
ban giam sat) dé cap o trén cho hé tu van, voi thong tin dau vao 1a ma tran danh gia,
tac gia nhan dinh rang: V4i ma trin danh gia ban dau chi c6 mét sb rat it danh gia

biét trudc, néu ap dung cac phuong phap hoc may co giam sat thi chi c6 mot s it
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danh gia tham gia vao qué trinh hoc dé sinh ra tu vén, cac gia tri danh gia biét trude
nay con goi 1a nhan phan loai. Nhu vay, viéc 4p dung cac phuong phap hoc c6 gidm
sat cho hé tu van cong tac dua vao bd nhd s€ bé qua rat nhiéu cac miu dit liéu khac
chua duge gan nhin vao qua trinh tu van, van dé dit liéu thua nay sé anh huong truc
tiép t6i chat lugng tu van. Vi mong mudn c6 thé khai thac day du dir liéu gan nhin
va chua gén nhan tr ma tran danh gia dau vao cho hé tu vin nham han ché anh
huong ciia van dé dir liéu thua, tac gia tdp trung nghién ciru vao hudng tiép can hoc

ban giam sat cho bai toan phan 16p, trong truong hop nay 1a bai todn loc cong tac.
3.2.2.2. Phét biéu bai toan phan Iép bang hoc ban giam sat

Cho tap hiru han D' gdm cac mau dir liéu da duoc gan nhan, D = {x;, y;}} va
tap hiru han DY gdém cac mau dir lidu chua dugc gan nhan, DV = {x;}it/\1. Nhiém
vu cta bai toan phan 16p dit liéu 1a can xay dung mot mo hinh phéan 16p dé khi cé
mot mau dit 1liéu méi vao thi moé hinh phén 16p s& cho biét mau dir lidu d6 thude 16p
nao. Voi huéng tiép can hoc ban giam sat cho bai toan phan 16p thi ca hai tap dix
liéu da dugc gan nhan va chua dugc gan nhan & trén déu tham gia vao vi¢c huin
luyén va dy doan 16p.

C6 rat nhiéu phuong phap hoc ban giam sat da duoc dua ra [109][110]. Trong
d6 cac phuwong phap dién hinh thudng duoc st dung nhu: phuong phap tu huin
luyén Selft-Training, phuong phap dong huan luyén Co-Training, phuong phap hoc
da khung nhin (Multi-view learning) va cac phuong phap hoc ban giam sat dua trén
d6 thi. Khong co cau tra 10i chinh xac cho cau hoi phuong phap nao 1a tot nhat, diéu
nay phu thudc vao sy phu hgp cua tap dir li¢u dau vao vi md hinh hoc duoc lua

chon.

Trong pham vi luén 4n, tac gia d& xut mot cach tiép can dua vao phuong phap
ddng huin luyén cho bai toan phan 16p cua loc cong tac. Noi dung cu thé cua

phuong phap dugc trinh bay trong Muc 3.2.2.3.

3.2.2.3. Ban giam sat bing phwong phap dong huan huyén
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DPdng huin luyén (Co-Training) [111][112][113] 1 phuong phap hoc ban gidm
sat dién hinh ma cac nha khoa hoc dau tu nghién ciru. Phuong phap dong huan
luyén dua trén gia thuyét ring cac dic trung cta tap dir liéu hudn luyén c6 thé duoc
phéan chia thanh 2 tap dac trung con [113]. Truong hop ly tudng 1a hai tap con nay
thoa man diéu kién doc 1ap nhau. Mdi tip con phu hop dé huan luyén mdt by phan
16p tdt. Thu tuc hoc duoc tién hanh nhu sau:

- Dung 2 bd phan 16p ph hop dé hoc cac mau dit liéu duoc biéu dién bai 2 tap
ddc trung con tuong ung.

- MObi bo phan I6p thyc hién gan nhidn cho cac mau dir liéu chua c6 nhan, thu
duoc két qua chinh 1a tap cdc mau dit liéu d6 kém theo nhin du doan cua
chdng. Trong tap két qua caa bo phan 16p 1, chon ra nhitng mau di liéu (kém
nhan da du doan) c6 do tin cdy cao nhat b sung vao tap huan luyén cua bo
phén 16p 2 va nguoc lai.

- Mai bo phan 16p dugc hoc lai tap dir liéu huan luyén (gom dir liéu gan nhén
ban dau va dit liéu gan nhan mai bd sung tir két qua cua bo phan 16p kia). Qua
trinh duoc 13p lai cho dén khi tap dit liéu chua gan nhén rdng hoac sb vong lap

dat toi mot ngudng xac dinh trudc.

Phuong phap dong huan luyén thé hién duéi dang thuat todn nhu sau:

Piu vao:

- D! 14 tap cac mau dir liéu da duoc gan nhan, DL = {x;, y;},

- DY 1a tap cac mau dir liéu chua dugc gan nhan, DV = {x;}i1/,,

- M&i mau dit liéu duoc quan sat duéi hai goc nhin x = [ x@)].
- K 14 s6 lugng méu dugce gan nhan cho mdi lan lap.

- Luya chon hai mé hinh phan 16p f@, f® dé hoc cac mau dir liéu doc 1ap tir 2 quan

sat x(, x@,

Pau ra:

- Tap DY gom cac mau dit liéu dugc gan nhan.
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Cac buée thue hién:

1. Tu D* tao 2 tap cac mau dir liéu da dugc gan nhdn D1 va D%z theo 2 quan sat
xM va x@ . Trong d6, D1 = {xi(l),yl-}iL va Dtz = {xi(z),yi}f.

2. Quan sat theo x(M, sir dung tap dit liéu Dt dé huan luyén bo phan lép fF@. Lua
chon K miu (x, f P (x)) c6 d6 tin cdy cao nhat dugc gan nhan bai £FO t6i tap
dir liéu D%z, @6ng thoi loai bo K mau di liéu nay khoi DV.

3. Quan sat theo x@, sir dung tap dit liéu D2 @& huan luyén bo phan I6p f@. Lua
chon K miu (x, f @ (x)) c6 d6 tin cay cao nhat dugc gan nhan bai @ t6i tap
dir liéu D1, ddng thoi loai bo K mau dix liéu nay khoi DV,

4. Lap lai cac qua trinh trén téi khi gan nhin duoc hét cac mau dir liéu chua co

nhan trong DV hoic sb vong lap dat dén ngudng xac dinh trudc.

Thuat toan 3.1. Thuat toan dong huan luyén Co-Training

Phuong phap dong huan luyén dugce dénh gia 1a phu hop cho cac bo dit lidu
chira cac mau dit liéu dugc quan sat dudi hai goc nhin ddc 1ap nhau, khi d6 phuong
phap nay cho phép 2 bd phéan 16p hoc riéng biét trén mdi goc nhin dir liéu va két
hop cac du doan dé giam 15i phan 16p. Qua trinh nay duoc lip lai dén khi thoa mén
diéu kién cac mau dir liéu déu dugc gan nhin hodc sé vong lap dat dén ngudng xéc
dinh trude. Véi cac gia dinh dugc néu ra ¢ trén, Blum va Mitchell [111] ching
minh rang phuong phap dong huan luyén 1a phuong phap hoc ban giam sat cho
phép gan nhan cac mau dit liéu chua c6 nhan tir mot tap it cic mau dir lidu c6 nhan
ban dau v&i d6 chinh xac cao. Pay chinh 1a su khac biét ciia phuong phap dong
huén luyén so voi cac phuong phap hoc truyén théng khi thuong bo qua su phan
chia va gdp chung tat ca cac dic trung dit liéu v6i nhau.
3.2.3. M hinh ddng huén luyén cho lec cdng tac

Viéc hién thuc héa phuong phap déng huan luyén dé giai quyét bai toan loc
cong tac s& quan sat mdi mau di liéu theo 2 co ché doc lap nhau x = [x® x@)],

v6i x 1a quan sat theo ngudi dung va x@ 12 quan sat theo san pham. Cac nhan y;
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twong Ung cuia cac mau dir lidu x; chinh 1a cac gia trj danh gia twong ing cta nguoi
dung (xi(l)) v6i san pham (xi(z)) tr ma tran R cua loc cong tac. Nhu vay tap hop cac
mau dit liéu c6 nhdn D’ va khong c¢d nhan DV dugc hop nhét biéu dién day du
thdng qua ma tran danh gia R duy nhit, day chinh 13 thong tin diu vao cho thuat

toan dong huan luyén.

Qua trinh dong huan luyén sé& sir dung 2 bd phan 16p xac dinh £, £ @) nham
hoc cac méu dit liéu doc 1ap tir quan sat theo ngudi dung (x™) va quan sat theo san
pham (x®) dé gan nhan cho cic miu dir lidu chua biét trong tap DV, trong trudng
hop nay la dua ra du doan danh gia cho nhirng gié tri danh gia chua biét trong ma
tran danh gia R. Qua trinh hoc nay duoc lap lai luan phién giita hai co ché quan sat
theo nguoi dung va theo san pham dén khi thoa man diéu kién cac mau dir liéu déu
duoc gan nhan (Ma tran danh gia R dugc cip nhat day du cac gia tri danh gia) hoic
s6 vong lip dat dén ngudng xac dinh. Cu thé qua trinh hoc theo nguoi dung s& du
doan dugc mot s6 nhin phan loai tin cay cho mau dit lidu chua biét ddnh gia chuyén
giao cho qua trinh hoc theo san pham. Nguoc lai, qué trinh hoc theo san pham ciing
dyu doan dugc mot sé nhin phan loai cho mau dit liéu chua biét danh gia chuyén
giao cho qua trinh hoc theo ngudi ding. Mdi qua trinh hoc dé s& cap nhat nhiing
danh gia du doan méi vao ma tran R, ciling déng nghia v4i viée loai bo cac miu dix
liéu vira dugc gan nhan khoi tdp hop cac mau dit liu khong c6 nhdn DU. Hai qua
trinh hoc duoc thuc hién luan phién nhau theo dung tinh than cua thuat toan dong
huan luyén, diéu nay gop phan han ché anh huéng ciia van dé dir liéu thua cho loc

cOng tac.

Hinh 3.1 m6 ta b khung dé xuat vé trién khai loc cong tac bang phuong phap

dong huan luyén nhu sau:
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Déng huén luyén
M van i a2
Sin phim nguoi dung L du doan mai
12 . i.. M x
EVHE 1]2
2 2 4
3 : 5 ' >
T ul3]3a 211
EL : 4
N 32 [Ma tran danh gia R cap 3
. i » nhat cac danh gia Ma hinh hoc
Ma tran danh gia R duy doan méi J) theo san pham

<

Ma trén danh gia R da tich hc,rp}

Danh sach Top-N Sinh tw van < 2
san pham tw van day du cac danh gia dy doan

Hinh 3.1. B6 khung trién khai loc cong tic bang phuong phap dong huan luyén

Noi dung muc 3.2.3.1 va 3.2.3.2 dudi day s& lan luot trinh bay cac qua trinh
xdy dung md hinh hoc theo nguoi dung, xay dung mé hinh hoc theo san pham tir
tap dit liéu huan luyén. Trén co so d6 dé xuat két hop hai mo hinh nay trong mot
phuong phap dong hudn luyén cho loc cong tac trong muc 3.2.3.3 va 3.2.3.4. Két
quéa ctia qua trinh d6ng huan luyén 1a ma tran déanh gia R da tich hop day du cac gia
tri danh gia du doan s& duoc sir dung dé sinh tu van nhitng san pham phu hop voi
ngudi dung hién thoi, ndi dung nay duoc dé cap trong muc 3.2.3.5.
3.2.3.1.  M® hinh hgc theo ngwoi dung

Nhu da trinh bay trong Muc 1.5.1, loc cong tac dua vao bo nhd dugc thuc hién
theo hai phuong phap chinh: Loc dwa vao nguoi dung (UserBased k-NN) va Loc
dya vio san pham (Item-Based k-NN) [1][10]. Tiép can phuong phap UserBased k-
NN tinh toan mirc do twong tu gitta ngudi dung u; € U voi tit ca nhitng nguoi dung

khac con lai trén tap dit liéu hudn luyén s& din dén hai nhuoc diém chinh dudi day.
Thir nhat, néu hai ngudi ding u;, u; €O |P; N P;| nho nhung cé 1, = 75, vOi
moi p, € P; N P; thi hai ngudi dung nay dugc xem la hoan toan gidng nhau theo s&

thich. Vi du Bang 3.1 thé hién mot ma tran danh gia trong hé tu van cong tac gom 5
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ngudi ding U = {uy, Uy, Uz, Uy, Us} VA 7 54N PhAM P = {py, Py, P3, Pa, s, Pes P7}-
Tir Bang 3.1, ta nhan thdy ngudi dung u, duoc xem 13 hoan toan twong tw véi u, Vi
ca Uy u, déu c6 danh gia chung cho ps,p, gidng nhau (r,; = 13 =5; 1y, =
T, = 5). Két qua 1a u, ludn 13 lang giéng cia u, trong khi thuc hién dy doan cac

san pham maoi cho u,.

Bang 3.1. Ma tran danh gi4 cua loc cong tac gdm 5 nguoi dung, 7 san pham

Nguoi dung Sdn pham
P1 b2 ps3 P4 Ps Ps p7
Uy 4 2 5 0 3 0 3
Uy, 5 0 5 5 4 0 0
Us 4 0 0 4 3 4 3
Uy 0 3 5 5 0 5 0
Us ? 5 ? ? 0 4 4

Thir hai, néu hai ngudi dung u;, u; €6 |P; N Pj| = 0 khi d6 hai nguoi dung nay
dugc xem 14 hoan toan khac nhau theo s¢ thich (vi du u, va us trong Bang 3.1). Két
qua 13 cac san pham p, € P; N P; = @ s& khong tham gia vao qua trinh huén luyén
va du doan.

Trong dé xuét nay, vi¢c xac dinh muc do tuong tu gilta cac cdp nguodi dung
u; € U khong dung dé xac dinh tap lang giéng K; tac dong truc tiép 1én tu van nhu
trong [14], ma chi dé dung vao viéc xac dinh cac nhin phan loai chic chin Tiy Cho
nguoi dung u;. Pé thuc hién diéu nay, tic gia dua ra khai niém tdp sinh cho nguoi
dung u; € U theo dinh nghia 3.1 dudi day.

Pinh nghia 3.1. Tdp sinh cho nguoi ding u; € U dwoc ky hiéu la S; la tdp tit ca
nhitng nguoi dung u; € U co danh gia giao nhau voi u; t6i thiéu y san pham.
Trong do, y la hang sé nguyén dirong.

Nhim don gian hoa ky phap trong trinh bay, tap sinh S; duoc xac dinh theo

cong thtrc (3.1) dudi day.
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Si={w, €U: |P,NP| =y} (3.1)

Vi du chon y= 3, khi d6 v&i nguodi dung u,; cua h¢ da cho trong Bang 3.1 ta
s& tim dugc §; = {uy, us} vi ca u, Va uz déu co 3 danh gia chung véi u,. Tuong tu
nhu trén ta xac dinh dugec S, = {uy,u3}, S35 = {u, u,}, S, =0, Sg = 0.

Déi voi cac phuong phap tiép can theo nguoi dung trude day, viéc tinh todn
mirc do twong tu gifta nguoi dung u; € U va nguoi dung u; € U duoc thuc hién trén
toan bo ma tran danh gia dé tim ra tip K lang giéng cua nguoi dung u;. Phuong
phap du doan cac san pham méi p, € P duoc thyc hién dya vao K lang giéng cia
nguoi dung u;. Nhu vay, tap K lang giéng ciia nguoi dung u; 1a tap c¢b dinh khong
thay d6i trong qua trinh huin luyén [1][10] duoc xac dinh trén toan bo danh gia.

Trong dé xuit nay, muc do tuong ty ciia mdi nguoi ding u; € U va ngudi
dung u; € U chi dugc tinh todn trén tap sinh S; € U theo cong thuc (3.2). Diéu nay
cho phép ta c6 thé ngin ngira duoc nhitng cip nguoi ding cd |P; N P;| nh6 nhung
lai dugc danh gia c6 tinh tuong tu cao theo phuong phap UserBased trudc day.

prEPiﬂPj(rix - Ti) (T)x - ‘T]')

ij —
k \[prEPinPj(rix - 771)2 prepinpj(r}'x - 77')2

u

,Otherwise

Nhu vay mirc d twong tu gifta nguoi dung u; € U v6i nguoi dung u; € S; xac
dinh theo cong thirc (3.2) s& dugc dung dé tim tap lang giéng cho ngudi dung u;.
Do tap sinh S; ctia ngudi dung u; € U ludn thay doi theo mdi vong lap ctia qua trinh
d6ng huan luyén, theo d6 tip lang giéng cua nguoi dung u; 14 tap ludn thay dbi phu
thudc vao tap sinh S; ctia ngudi dung dé. Cu thé, tap lang giéng ctia ngudi dung
u; € U dugc xac dinh theo dinh nghia 3.2 duéi day.
Pinh nghia 3.2. Tdp ldng giéng ciia nguwoi dimg u; € U, ky hiéu K;, la tdp nhiing
nguoi dung u; thugc tap sinh S; c6 murc do twong tw u;j dwoc xac dinh theo cong

thiee (3.2) vuot qua nguong f. Trong do, p € [0,1].
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Nhim don gian héa ky phép trong trinh bay, tip lang giéng K; duoc xac dinh
theo cong thuc (3.3) dudi day.
K; = {u; € 5; |u;; > B} (3.3)
Duya trén tap lang giéng K; ciia ngudi ding u; € U, cac mau dir liéu chua c6
danh gia dugc gan nhin gia trj dy doan (nhdn phan loai chic chin) theo cong thirc
(3.4).
ZquKi(‘r}'x - ‘T})ul] (34)

ZquKi |ul]|

Tix =1

Vi du tap voi nguoi dung da cho trong Bang 3.1, ta tim duoc K; = {u3}, K, =
{u;}, K3 = {u;}. Khi d6, cac gia tri du doan chic chan s& dugc dién cho u, la
T4 = 4,116 = 4. Gia tri du doan chic chin s& dugc dién cho u, 1A 1y, = 2, 1, =
3. Gia tri du doan chic chin s& duoc dién cho us 1A 13, = 2, 135 = 5. Két qua dua

ra trong Bang 3.2.

RO rang, tdp nhin phéan loai 73, xac dinh theo cong thuc (3.4) nhé hon rat
nhiéu so véi tap 13, xac dinh theo cong thire (1.3). Tuy vay, diéu nay sé& duoc cai
thién dan thong qua viéc quan sat cic nhin phan loai sinh ra trong qua trinh hoc
theo san pham.

Béng 3.2. Ma tran danh gia udc lugng theo nguoi dung

Nguoi dung San pham
P1 b2 b3 P4 Ps Ps b7
Uy 4 2 5 4 3 4 3
U, 5 2 5 5 4 0 3
Us 4 2 5 4 3 4 3
Uy 0 3 5 5 0 5 0
Us ? 5 ? ? 0 4 4

3.2.3.2. M0 hinh hgc theo san pham
Tuong ty nhu ddi vai nguoi dung, viéc xac dinh mic d§ muc do tuong tu gitra

cac cdp san pham p, € P khong dung dé xac dinh tap lang giéng K, tic dong truc
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tiép 1én tu van nhu trong [1][10], ma chi dé dung vao viéc xac dinh c&c nhdn phan
loai chic chan 73, cho san pham p,. Pé thuc hién diéu nay, tac gia dua ra khai niém

tdp sinh cho sdan pham p, € P theo dinh nghia 3.3 dudi day.

Pinh nghia 3.3. Tdp sinh cho san pham p, € P dwoc ky hiéu la C,, la tdp tat ca san
phim py € P ¢ danh gia giao nhau voi py 16i thiéu y ngwoi ding. Trong do, v 1a

hing s6 nguyén dwong.

Nham don gian héa ky phap trong trinh bay, tip sinh C, dugc xac dinh theo
cong thtrc (3.5) dudi day.

Ce={p, EP:|U,NU,| =y} (3.5)

Vi du chon y = 3, khi d6 véi tap nguoi dung cua hé da cho trong Bang 3.1 ta
s€¢ tim dugc C, ={ps}, C, =0,C3=0,C, = @, Cs={p,}, Cc = 0, C;, = ©.
Tuy vy, néu viéc huan luyén theo san pham dugc thuc hién sau qua trinh huin

luyén theo ngudi dung nhu trong Bang 3.2, ta s€ xac dinh dugc:

Ci = (P23, P4 D5, 07} G2 = {P1,D3,PasPs D7} C3 = {P1, P2, Pas D5, P73 Ca =
{P1, D2 D3, D5, D6, P71 Cs = {P1, P2, D3, P4 D7} Cs = {P2, D3, Pa D7} C7 =
{P1 2, P3, P4 D5, D6 }-

Déi véi cac phuong phép tiép can theo san pham trude ddy, viée tinh toan mirc
d6 twong tu cua cac cip san pham p, € P dugc thuc hién dua trén toan bo ma tran
danh gia dé tim ra tap K lang giéng cua san phim p,. Phuong phap du doan quan
diém cta nguoi dung u; € U véi san pham p, € P duoc thuc hién dya vao K lang
giéng cua san pham p,. Nhu vay, K lang giéng cua san pham p, l1a tip c6 dinh
khong thay doi trong qua trinh huan luyén

Trong d& xuit ndy, mirc d6 twong tu cia mdi san phim p, € P va san phim
py € P chi dugc tinh toan trén tip sinh C, € P theo cong thuc (3.5). Diéu nay cho
phép ngin ngira dugc cac cip san pham cé |U, N U, | nh6 nhung lai dugc danh gia

c6 tinh tuong tu cao theo phuong phap ItemBased trude day.
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(0 If pyeC,s (3.6)
ZuieanUy(rix - 7?c) (riy - Fy)

Pxy =

,Otherwise

k\/ZuieanUy(Tix - @)2 ZuiEanUy(Tix - @)2

Nhu vy mirc d6 twong tu gitra san pham p, € P véi san pham py € Cy theo
cong thirc (3.6) s& duoc dung dé tim tap lang giéng cho san pham p,.. Do tap sinh C,
clia san pham p, € P ludn thay d6i theo mdi vong lip ciia qua trinh dong huin
luyén, theo d6 tap lang giéng ctia san pham p, € P ludn thay d6i phu thudc vao tap
sinh C, cta san pham d6. Cu thé, tap lang giéng cua san pham p, € P duoc xac

dinh theo dinh nghia 3.4 dudi day.

Pinh nghia 3.4. Tdp ldng giéng cia san pham p, € P dwoc ky hiéu la K, la tdp
nhitng san pham Dy thuoc tap sinh C, co mirc do tuwong tw Py, duoc xdc dinh theo
cong thirc (3.6) vuot qua nguong f. Trong do, p € [0,1].

Nham don gian hoa ky phap trong trinh bay, tap lang giéng K, duoc xac dinh
theo cong thuc (3.7) duoi day.

K. ={py € Cx | pxy > B} (3.7)

Dua trén tap lang giéng K, cta san phdm p, € P, nhin phan loai chic chin

cho nguoi dung u; € U dugc du doan theo cong thirc (3.8).

ZpyEKx PxyTiy (3.8)
Y e [Pl
Vi du vé6i tap dir liéu xuét phat nhu trong Bang 3.2, ta tim dugc K, =
{pa}. Kz ={p7}, K5 ={ps}, Ko ={p1} Ks ={p7}, K¢ = {ps}, K7 = {ps}. Khi do,
cac gia tri dy doan chic chin s& dugc dién cho p; la 1,y =715, = 5, cho ps la
Tss = T's; = 4, ChO pg 12 156 = 15, = 5. Khi d6, bang gié tri danh gia duoc thé hién

trong Bang 3.3.
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Bang 3.3. Ma tran danh u6c luong theo san pham

Nguoi dung San pham
P1 b2 Ps3 P4 Ps Ps b7
Uy 4 2 5 4 3 4 3
Uy, 5 2 ) S 4 5 3
Usg 4 2 5 4 3 4 3
Uy 5 3 5 5 0 5 0
Us ? 5 ? ? 4 4 4

Hai co ché quan sat theo san phdm va quan sat theo nguoi dung s& bd sung
nhan phan loai chic chin cho cac miu dit liéu chua c6 danh gia theo mdi buéde thuc
hién ciia qua trinh dong huan luyén nham dién duoc t6i da cac gia tri danh gia chua
biét 7, = 0 vao ma trdn danh gia. Mudn dy doan thém cac nhan phan loai tot theo
ngudi ding ta quan sat theo san pham. Muén dy doan thém cac nhin phan loai t6t
theo san pham ta quan sat theo nguoi dung. Qua trinh hoc nay duoc lip lai luan
phién giita 2 co ché quan sat theo ngudi dung va theo san phim, theo mét trong hai
mo hinh déng huin luyén dé& xuit cho loc cong tic, d6 la: Loc cong tic bang
phuong phap dong huin luyén theo nguoi dung CoTrainning-Userltem (Muc
3.2.3.3) va loc cong tac bang phuong phip dong huin luyén theo sin pham
CoTrainning-ltemUser (Muc 3.2.3.4) du6i day. Diém khac biét co ban giita hai
phuong phap nay la qua trinh nao thuc hién trudc, qua trinh nao thuc hién sau trong
co ché chuyén giao tri thirc giira cac mé hinh.
3.2.3.3. Loc cdng tac bing phwong phap dong huan luyén theo ngudi ding

Phuong phap CoTrainning-Userltem dugc md ta chi tiét trong Thuat toan 3.2
thuc hién thong qua t vong lap. Tai budc khoi tao t = 0, ma tran du doan R(® =
{(r' 9} duoc 13y bing chinh ma tran dénh gia ban diu R = {r;,}. Tai mdi buéc lip,

qua trinh huan luyén theo nguoi dung duoc thyuc hién tuan ty theo cic budc (2.1.a),
(2.1.b),(2.1.c).
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Piu vao:Khdi tao ma trdn danh gid R©® = {7‘1-560) = {1 }.
DPau ra :Ma tran du dodn R® = {rigf) .
Cic bude tién hanh:
1. Khéi tao s6 budc lap ban dau: t«0;
2. Budc lap:
Repeat
2.1. Tang budc lap: t«t + 1;
2.2. Huén luyén theo ngudi ding:
a) Tim Si(t), ul.(;) theo cong thire (3.1), (3.2)
b) Tim Ki(t) theo cong thirc (3.3).
C) Du doan rig:) theo cong thirc (3.4).
2.3. Huan luyén theo san pham:
a) Tim C,gt), pg,) theo cong thirc (3.5), (3.6).
b) Tim K,gt) theo cong thirc (3.7).
C) Du doan rl.gct) theo cong thirc (3.8).

Until (ri;t) = ri(t_l)

X

Thuét toan 3.2. Thuat toan CoTrainning-Userltem.
Tai budc (2.1.a) ta can xac dinh tap sinh Si(t) cho nguoi dung u; tai budc lap
()

tha t theo cong thic (3.1) va muc do tuong tu u;;” gitra nguoi u; € U va nguoi

dung u; € Si(t) theo cong thirc (3.2). Tai budc (2.1.b), sir dung Sl.(t), ul(]t) da duoc xac
dinh tai bude (2.1.a) ta xac dinh dugc Ki(t) 1a tap lang giéng clia ngudi dung u; tai
budc 13p thir ¢ theo cong thirc (3.3). Tai budce (2.1.¢), sir dung K\ da xac dinh tai
bude (2.1.b) ta du doan duoc ri;t) 1a quan diém chic chan cta nguoi dung u; cho
cac san pham p, tai buéc 1ap thir t theo cong thirc (3.4). Cac gia tri rl.;t) du doan
theo ngudi ding tai budc lap thir t dugc bd sung thém vao qua trinh huan luyén

theo san pham tai budc 2.2.
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Tai budc (2.2.a) ta can x4c dinh tap sinh C,Et) ctia san pham p, € P theo cong
thire (3.5) va mtrc do tuong tu p,(cg,) gifta san pham p, € P va san phdm py € ngt)

theo cong thuc (3.6). Tai bude (2.2.b), sir dung C)Et), p,(cg,) da duoc xac dinh tai budc

(2.2.a) ta tim duogc K,gt) 1a tap lang giéng cua san pham p, tai budc lap thi t theo
cong thire (3.7). Tai bude (2.2.c), st dung K da x4c dinh tai budc (2.2.b) ta du
doéan duoc ri;t) 1a quan diém chéc chin cta ngudi dung u; cho cac san pham p, tai

budc lap thi t theo cong thire (3.8).

Tai budc 2.3, budc lap t duoc tang 1én 1 don vi va thuc hién qua trinh dff)ng

huan luyén tiép theo.

Ménh dé 3.1 dudi ddy s& 1am sang to tinh hoi tu ctia thuét toén.

Ménh dé 3.1. Thudt todn CoTraining-Userltem sé hoi tu tai vong lap thu t khi

khong co nhan phdn loai nao dwoc bo sung vao ma trgn dy dodn, khi do ri;t) =

rEYvsii = 1,2, Nix=1,2,..., M.

ix
Chirng minh. Thuc vay, gia su tai budc lap thir ¢ (t = 1), thuat toan CoTraining-
® _

X

Userltem c6 7.9 = =™ khi d6 theo cong thire(3.2) ta co:

® _ OO . ©
3 prEPi(t)ﬂP](t) (rlx rl )(T]'x T]' )
u..” =

ij = ; — : —
\/prePi(t)nP}t)(riSc) -7y Zpi(t)npjgt)(ﬁ-gc) - 7}( )?

t-1 t=1)y..(t-1) _ (1)
% eptDnpen (e =1 =)

(t-1) _ (t-1) 2 (t-1) _ W )
\/prepi(t—l)npjgt—l)(ﬁx n ) Zpi(t—nnpjgt_l)@}x n )

) _ gt-1)
O (t—l)(_){% =5

ij = W K® _ D
L l

Diéu nay chimng té tai budc lap thir ¢, qua trinh huan luyén theo nguoi ding

khong b6 sung thém duogc bat ky ngudi ding nao vao Sl.(t) va Kl.(t). Day chinh la
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nguyén nhan qua trinh huan luyén theo nguoi dung khong bd sung dugc bit ky mot

®

nhén phén loai 7;,” nao cho qua trinh huén luyén theo san pham.

Déi v6i qua trinh huan luyén theo san pham, theo cong thirc (3.6) ta cling c6:

® _ Oy, _
© Zuieu,(f)nuﬁt)(n'x —n )0 )
Pxy =

® _ Oz ® _ .(®y2
\/ Zuieu,gt)nUf,t)(nx T ) Zuieu,(f)nuj(f)(ny )

t-1 t-1 t-1 t—1
R I T

(t-1) _ _(t=1)y; (t-1) _ _(t=1y2
\/Zuieu,(f'l)nug(f‘l)(nx o) Zuieu,(f'l)nug‘l)(ﬁy o)

® _ (@t-1)
pxy - pxy « { p

Diéu nay chiing to tai budc 13p tha ¢, qua trinh huan luyén theo san pham ciing
khong bo sung thém duoc bat ky san phadm nao vao C,gt) va K,Et). Pay chinh 14 diém
ho1 tu cua thuat toan.

Trudng hop tot nhét c6 thé dat duoc 1a tit ca cac gia tri r;, = 0 déu duoc dién
gia tri theo phuong phap CoTraining-Userltem. Dinh Iy 3.1 dudi day sé dua ra diéu
kién can va du dé cac gia tri danh gia déu duoc dién gia tri du doan.

Pinh Iy 3.1. Piéu kién can va du dé dir dodn quan diém ciia nguoi ding u; € U cho
tat ca cac san pham méi p, € P mot gid tri ddnh gid 1, # 0 theo phwong phdp
CoTraining-Userltem la queKin = P. Trong do, K; dwoc xdc dinh theo cong thirc
(3.3).

Chirng minh (diéu kién can). Gia str v6i moi ngudi ding u; € U déu dugc du doan

boi gia tri 1, # 0. Khi do, ta can ching to quexl- P, =P.

Theo cong thirc (3.4) ta co:
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® _.®),O®
O _ @, ek (5 1) u

0=, %0
®
Ly ex® |Uij
o vp, eP Ay e KPOIrP %0

Nguoc lai (diéu kién dii), gia sit Uy, ex, P; = P. Khi d6 ta can chimg t6 1, # 0 voi
U; e V.

Thuc vay, vi quEKin = Pnéntacod:
vu, €U IKP:U oP =P
l r quKi() ]

© Vp, €P Ju; € Ki(t)IT}-SCt) * 0

®© ®Y,,©
® _ .® Z”jGK - (T}x 0 )uij
7. = L *+0
ix l D ®)
ujek® [Wij

3.2.3.4. Loc cdng tac biang phwong phap dong huan luyén theo san pham
Phuong phap CoTraining-ltemUser md ta chi tiét trong Thuat toan 3.3. Tai

budc khoi tao t = 0, ma tran du doan R(® = (rigco)) duoc iy bang chinh ma tran
danh gia ban dau R = (7). Tai mdi budc lap, qua trinh huan luyén theo san pham
duoc thuc hién truée. Trong do, budce (2.1.a) ta xé4c dinh dinh duoc tap sinh € cia
san pham p, € P theo cong thic (3.5), xac dinh muc do twong tu p,(cg,) gilra san
pham p, € P va san pham py € C,Et) theo cong thic (3.6). Su dung C,Et), pg,) da
dugc xac dinh tai bude (2.1.a) ta tim duoc K,Et) theo cong thire (3.7) trong budc
2.1.b. Sir dung K da xc dinh tai budc (2.1.b) ta du doan duge . 1a quan diém
chic chin cta ngudi dung u; cho cac san pham p, tai budc lap tha t theo cong thire
(3.8). Cac gia tri rigf) du doan theo san pham tai budc lap thi t duoc bd sung thém

vao qua trinh huin luyén theo nguoi dung tai bude 2.2.
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®)

Tai budc (2.2.a) ta can xac dinh cac tap Sl.(t) theo cong thue (3.1), u;; theo

cong thuc (3.2). St dung Si(t),ug) da duoc xac dinh tai budc (2.2.a) ta tim dugc
) A , , (t) , ) 1 2 L
K;” theo cong thirc (3.3). Str dung K;~ ta du doan duoc 7;.” la quan diém chac
chin cua ngudi dung u; cho cac san phim p, tai budc lap tha t theo cdng thirc
(3.4). Tai buéc 2.3, budc lap t duoc ting 1én 1 don vi va thuc hién qua trinh dong

huan luyén tiép theo.

Pau vao:Khoi tao ma tran danh gid R©® = {rigco) = {r }.
Péau ra :Ma trdn du dodn R® = {rigf) .
Cic buéc tién hanh:
1. Khai tao s6 budc lap ban dau: t«0;
2. Buoc lap:
Repeat
2.1. Tang budc lap: t«t + 1;

2.2. Huén luyén theo san pham:
a) Tim 7, p<) theo cong thitc (3.5), (3.6).
b) Tim K,gt) theo cong thirc (3.7).
) Du doadn rigct) theo cong thirc (3.8).

2.3. Huan luyén theo nguoi dung:
a) Tim Si(t),ug) theo cong thire (3.1), (3.2).
b) Tim Ki(t) theo cong thirc (3.3).
C) Du doan riit) theo cong thirc (3.4).

Until (ris) = ri(t_l)

X

Thuat toan 3.3. Thuat todn CoTraining-ltemUser
Tinh hoi tu va diéu kién can va du dé thuit toan CoTraining-ItemUser c6 thé
dién ddy du cac gia tri du doan theo ménh dé 3.2 va dinh 1y 3.2 dudi day. Viéc
chirng minh ménh dé 3.2, dinh Iy 3.2 cling dugc thuc hién tuong ty nhu ménh dé

3.1 vadinh ly 3.1.
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Ménh dé 3.2. Thudt toan CoTraining-ltemUser sé héi tu tai vong lap thir t khi

khong co nhan phdn loai nao dwoc bé sung vao ma tran dw doan, khi do rigf) =

rEVNGii = 1,2, Nix = 1,2, ..., M.

ix
Pinh ly 3.2. Piéu kién can va di moi nguoi dung u; € U déu dwoc du dodn cdc san
phdm méi p, € P mot gid tri danh gid v, # 0 1a Up,ex, Uy = U. Trong do, K, duoc

xdc dinh theo cong thirc (3.7).

3.2.3.5. Sinh tw véin

Sau khi két thic qua trinh déng huan luyén, hé théng thu dugc ma tran du doan
R® (Ma tran danh gid R d3 tich hop diy du cac danh gia dy doan). Tir ma trdn R(®
ta tién hanh sap xép cac san pham chua dugc danh gia ban dau boi ngudi dung hién
thoi u, theo thir tu giam dan cua ri;t). Sau d6, chon K san pham dau tién trong s d6

tu van cho nguoi dung u,.

3.3. Loc két hop biang phuwong phap dong huin luyén
Nhu da dé cap trong Muc 3.1 dat van deé, trong cac hudéng tiép can loc két hop,
luan an tiép can huong két hop dac tinh cia loc ndi dung vao loc cdng tac dya vao

bd nhd dé phat trién phuong phap loc két hgp mai cho hé tu véan.

Viéc két hop dac tinh cua loc nd1 dung vao loc cong tac dugc thuc hién theo 2
co ché quan sat dir liéu: 1) Quan sét theo ngudi dung cho phép hop nhét ho so
ngudi dung cua loc ndi dung vao ma tran danh gia dé théng nhat cac mo hinh du
doan dua vao ngudi dung; 2) Quan sét theo san phdm cho phép hop nhat hd so san
pham cia loc ndi dung vao ma tran danh gia dé thong nhat cic mé hinh dy doan dya

vao san pham.

Trén co sé hop nhét biéu dién cac gia tri dac trung ndi dung vao ma tran danh
gia dé cap & trén, luan an dé xuat phuong phap loc két hgp méi bang phuong phap
ddng huin luyén. Phuong phép loc két hop dé xuat phat trién trén co s& phuong
phap dong huan luyén cho loc cong tac dé xuit trong Muc 3.3. V& co ban phuong

phap loc két hop bang dong huin luyén d& xuit co co ché hoat dong tuwong tu véi



110

phuong phap loc cong tac bing ddng huin luyén, nhung c6 bd sung giai doan xtr 1y
hop nhét biéu dién cac dic trung noi dung vao ma tran danh gia khi quan sét dir liéu
theo ngudi dung va theo san pham.

No6i dung trinh bay s€ dugc cAu tric nhu sau: Muc 3.3.1 trinh bay vé viée két
hop dac tinh cua loc ndi dung vao loc cong tac dya vao by nhd; Muc 3.3.2 va Muc
3.3.3 lan luot trinh bay qué trinh xay dung mé hinh hoc két hop theo ngudi dung,
mo6 hinh hoc két hop theo san pham tir tap dit liéu huin luyén. Trén co s¢ d6 dé xuat
két hop hai mé hinh nay trong phuong phap dong huan luyén cho loc két hop, ndi
dung nay dugc trinh bay trong Muc 3.3.4.

3.3.1. Hop nhat biéu dién gia tri cac diic trung ndi dung vao ma tran danh gia
Khong han ché tinh tong quat cta bai toan tu van phat biéu trong Muc 1.3, ta
gia thiét gia tri danh gia cta nguoi dung u; € U ddi véi san pham p, € P dugc xéc
dinh theo cong thuc (3.9). Mdi san pham p, € P biéu dién théng qua |C| dic trung
noi dung C = { ¢y, ¢y, ..., ¢ ¢} duge xdc dinh theo cong thirc (3.10). Mbi nguoi
dung w; € U bieu dién thdng qua |T| dc trung ndi dung T = {t,t, ..., tj } duge

xac dinh theo cong thic (3.11).

S {v, néu nguwoi dung u; danh gia san pham p, lav (3.9)
Y10, néunguwdi dung u; chwa danh gia san pham p,
o = {1, néu sdn pham p, c6 dic trung c, (3.10)
* o, néu san phdm p, khéng cé dic trung c
i 1, néungudidung u; cé ddc trung t, (3.11)
@710, néungudi dung u; khong cé dic trung tq

Vi dy véi hé gdm 3 nguoi dung U = {u;,u, uz}, 4 sian phim P =
{p1, 02, P3,P4}. Trong d6, ma tran danh gia R duoc cho trong Bang 3.4, ma tran dac
trung noi dung san pham C dugc cho trong Bang 3.5, ma tran dic trung ndi dung

nguoi dung T dugc cho trong Bang 3.6.
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Hé tu vain cong tac duoc xay dung dua trén ma tran danh gia R. Hé tu van noi
dung dugc xay dung dya trén ma tran cac dic trung ndi dung C va T. Hé tu van lai
xay dung duatrén cabamatran R,C,T.

Bang 3.4. Ma tran danh gia R

pP1 b2 p3 P4
Uy 5 0 4 0
U, 0 4 0 3
Us 0 5 4 0

Bang 3.5. Ma tran dic trung san pham C

€1 C2 C3

p1 1 0 1

2 1 1 0

D3 1 0 1

D4 0 1 1

Bang 3.6. Ma tran dac trung nguodi dung T
t, t, ts t,
Uq 1 0 1
U, 1 0 1

Us 0 1 0 1

3.3.1.1. Hop nhat hé so ngudi ding caa lec ndi dung vao ma tran danh gia
DPé xay dung duoc hd so st dung cac dic trung san pham cua nguoi dung,
can thuc hién hai nhiém vu: 1) Xéac dinh tap san phim ngudi dung da timg truy cip
hay st dung trong qua khir; 2) Udc luong trong sé6 mdi dic trung ndi dung san
pham trong hd so nguoi dung [48][114]. Goi P; c P duoc xac dinh theo (3.12) la

tap san pham p, € P di duoc danh gia boi nguoi dung u; € U.

Pi={p, €P|ry #0 (u; € U)} (3.12)

Khi d6, P; chinh 13 tip san pham nguoi dung da ting truy cap trong quéa khir
dugce cac phuong phap tu van theo ndi dung st dung trong khi xay dung hd so
nguodi dung. Van dé con lai 12 1am thé nao ta udc lugng duogc trong s6 mdi dac trung

cs € C d6i v6i mbi hd so nguoi dung u; € U.
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Goi Item(i, s) 1a tap cac san pham p, € P; chira dyng dic trung ¢, € C duoc
xac dinh theo cong thic (3.13). Khi @0, |Item(i,s)| chinh 13 sé 1an ngudi dung
u; € U sir dung céac san pham p, € P chta dung dic trung ¢, € C trong qué khi.

Item(i,s) ={py EP; | cxs #0 (w; €U, ¢, €C) } (3.13)

Dua trén P; va Item(i,s) cac phuong phap tu van theo nodi dung uéc luong
dugc trong s w;s phan dnh mirc 46 quan trong cua dic trung ndi dung cg ddi voi
ngudi dung u;. Phuong phap phd dung nhat duoc st dung trong xay dung hd so
nguoi dung 13 k¥ thuat tf-idf [48][114], khi d6 gia tri w;s 1a mot s6 thuc trai déu
trong khoang [0,1]. Tuy nhién, trong khi quan sat bai toan tu van cong tc tac gia
nhan thiy ban than né da ton tai mot phép danh gia tu nhién ctia ngudi ding doi véi
san pham thong qua gia tri danh gia 7;,. Gia tri 75, phan anh mitc d6 ua thich cua
nguoi dung sau khi da sir dung san pham va dua ra quan diém ciia minh ddi véi san
pham. Vi du véi hé tu van phim [14][13], gia tri 7, = 1,2,3,4,5 duoc hiéu theo
cac mirc quan diém “rdt toi”, “t6i”, “binh thuwong”, “hay”, “rdt hay”. Chinh vi 1y do
do6, tac gia mong mudn c6 duoc mot phép trich chon dic trung c6 cung mic do
danh gid tu nhién cua 7;,.

Dé thyc hién ¥ tuong néu trén, tac gia thuc hién quan sat trén tap Item(i, s).
Néu gié tri [Item(i, s)| vuot qua mot ngudng @ nao d6 thi trong sb dic trung nodi
dung san pham ¢, € C d6i voi ngudi dung u; € U 1a w; dugc tinh bang trung binh
cong cua tat ca cac gia tri danh gia. Truong hop |Item(i, s)| c6 gia tri bé hon 6, gi&
tri w;, duoc tinh bang tong cia tit ca cac gia tri danh gia chia cho 6. Trong thuc
nghiém, tac gia tinh toan dugc sd luong trung binh clia tit ca nguoi dung u; € U da
danh gia cac san pham p, € P. Sau d6 chon @ twong duong v6i 2/3 s6 luong trung
binh cac danh gia cua tip ngudi dung u; € U di danh gid san phim p, € P cha
dung déc trung c; € C. Bé“mg cach nay ta co thé han ché duoc mot sb dic trung ndi

dung it dugc ngudi dung quan tAm nhung van duoc dénh gia véi trong so6 cao.
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( 1 N ) (3.14)
R — . I -
! |[Item(i, s)| ix »néu |Item(i,x)| = 6

Wis = 4

x€ltem(i,s)
1

Ik n Tix
x€ltem(i,s)

, néu |Item(i,x)| <6
Gia tri w;s duge uoc luong theo (3.14) phan anh quan diém cia ngudi ding
u; € U dbi vé6i cac dic trung ndi dung san pham cg € C trong qua kha. D& dang
nhan thdy w;; € F, trong 36 F = {1,2,..,g}. Chinh vi vay, ta c6 thé xem mdi dic
trung ndi dung san pham dong vai tro nhu moét san pham phu bd sung vao tap san
pham. Dya trén nhan xét ndy, tac gia hop nhat ma tran danh gia cia loc cong tac va
h6 so ngudi dung cua loc ndi dung thanh mé hinh biéu dién hop nhat giita danh gia
ngudi dung cta loc cong tac véi cac dic trung san pham cia loc ndi dung. Ma trin
danh gia mo rong theo hd so ngudi dung duoc xac dinh theo (3.15). Trong do,
Py = Cs (cs € C) ddng vai tro nhu mot san pham phu bd sung vao ma tran danh gia

vé phia san pham.
Ty ,NEéUux €P (3.15)
Toe = {Wis ,Néus €C (x=y5)

Vi du véi hé c6 ma tran danh gia theo Bang 3.4, ma tran dac trung san phém
theo Bang 3.5, chon € = 2, khi d6 ta s€ tinh todn duogc tap hd so nguoi dung
{Wis : u; €U, cs € C} trong Bang 3.7 va ma tran danh gia mo rong vé phia san

pham theo (3.15) trong Béang 3.8.

Bang 3.7. Ma tran ho so nguoi dung (w;,)

QO
N

Biang 3.8. Ma tran danh gia mo rong () theo hd so nguoi ding

S
=
INNFVIE Ny

NW| O

N[

pP1 P2 %] P4 G 2 C3
Uy 5 0 4 0 4 0 4
U, 0 4 0 3 2 3 1
Uz 0 5 4 0 4 2 2
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Hé tu van dugc xac dinh theo (3.15) di tich hop diy du danh gia ngudi dung va
trong s cac dic trung san pham. Chinh vi vay, cic phuong phap tu van két hop dua
vao ngudi dung déu c6 thé d& dang trién khai trén ma trin danh gia mé rong theo hd
so ngudi dung [47][55]. Do tinh chit thua thét ciia ma tran danh gia ban dau lam
cho ma tran danh gia mo rong theo hd so ngudi dung ciing thua thét. Chinh vi vay,
cac phuong phap tu van chi dwa vao (3.15) déu cho lai két qua khong cao. Van dé
nay s& duoc giai quyét trong Muc 3.3.4.
3.3.1.2. Hop nhit hd so san pham cia loc ndi dung vao ma tran danh gia

Tuong tu nhu hd so ngudi ding, hd so san pham luu trit lai ddu vét cac dic
trung ndi dung ngudi dung di timg sir dung san pham. Pé xiy dung dugc ho so san
pham, can thyc hién xac dinh tap nguoi dung da ting st dung san pham trong qua
khr va uéc luong trong s6 mdi dic trung ndi dung nguoi dung trong hd so san
pham [47]. Goi U, c U duoc xac dinh theo cong thirc (3.16) 13 tip ngudi dung
u; € U da st dung san pham p, € P. Khi d6, U, chinh 1a tip nguoi ding can dugc
lIuu lai cac gia tri dac trung ndi dung trong ho so san phém. Van dé con lai 1a lam
thé nao ta wéc luong duoc trong s6 mdi dic trung t, €T ddi v6i mdi hd so san

pham p, € P.
Up={u; €U |1, #0 (px €P)} (3.16)

Goi User (x,q) 1a tap nguoi dung u; € U, c6 dic trung t, € T duoc xac
dinh theo cdng thuc (3.17). Khi 46, |User(x, q)| chinh 13 s6 1an san pham p, € P

dugc tap nguoi dung u; € U c6 dac trung ndi dung t, € T sir dung trong qua kh.
User(x,q) = {w; € Uy | tig =0 (px EP,t; € T} (3.17)

Gidng nhu nguoi dung, ban than cic san pham ciing di ton tai mot phép
danh gia ty nhién cua tip ngudi dung ddi voi san pham thoéng qua gia tri danh gia
1. Do Vay, tac gia dé xuat phuong phép trich chon dic trung ndi dung nguoi ding
¢ cung murc d6 danh gia voi gia tri danh gia r;,.. Dé thyuc hién diéu nay, tac gia tién

hanh quan sét trén tap User(x, q). Néu gia tri |User(x, q)| vuot qua mot ngudng 6
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nao d6 thi trong sd dic trung ndi dung ngudi ding tg €T dbi v6i san pham p, € P
3 v,, dugc tinh bang trung binh cong cua tat ca cac gia tri danh gia. Truong hop
|User(x,q)| c6 gia tri bé hon 6, gia tri v, duoc tinh bang tong cua tat ca cic gia

tri danh gia chia cho 6.

( 1 ; (3.18)
|m Tix » neu |US€T'(X, Q)l >0
i€eUser(x,q)
T
| 3 Z Tix ) néu |User(x,q)| <6
k ieUser(x,q)

Gia tri vy, dugc ude luong theo (3.18) biéu dién ho so san phim p, € P da
dugc tap nhiing nguoi dung u; € U chira dung dac trung t, € T st dung. Vi vdy, ta
¢ thé xem mdi dic trung ndi dung ngudi dung dong vai trd nhu mot ngudi ding
phu bd sung vao tdp nguoi dung. Dya trén nhan xét ndy, tac gia hop nhat ma tran
danh gia cta loc cong tac va hd so san phdm cia loc ndi dung thanh mé hinh biéu
dién hop nhat gitra danh gia san pham cua loc cong tac véi cac dic trung nguoi
dung cua loc ndi dung. Ma trn dénh gia m& rong theo hd so san pham duge xac
dinh theo cong thirc (3.19). Trong do, u; = t, (t, € T) dong vai trdo nhu mot nguoi
ding phu bo sung vao dé mé rong ma tran danh gia vé phia ngudi dung.

. { T, ,néuu; €Uvar, #0 (3.19)
Y gy onéu ty €ETvavy, #0 (w; =t,)

Vi du véi h¢ c6 ma tran danh gid theo Bang 3.4, ma tran ddc trung nguoi dung
theo Bang 3.6, chon 6 = 2, khi d6 ta s€ tinh toan dugc tap hd so san phém
{Vgx : Px € P,ty € T} trong Bang 3.9 va ma tran danh gia m¢ rong vé phia nguoi
dung theo (3.15) trong Bang 3.8.

Bang 3.9. Ma tran ho so san pham (Vgx)

P1 b2 p3 P4
ty 2 2 2 1
t, 0 0 2 0
ts 0 2 0 1
ty 2 2 4 0
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Bang 3.10. Ma trin danh gia mé rong () theo hd so san phdm

P1 b2 P3 D4
Uy 5 0 4 0
U, 0 4 0 3
Usg 0 5 4 0
ty 2 2 2 1
t, 0 0 2 0
ts 0 2 0 1
ty 2 2 4 0

Hé tu van dugc xac dinh theo (3.19) da tich hop diy di danh gia san pham
va trong sb cac dic trung ngudi dung. Chinh vi vay, cac phuong phap tu van két
hop theo san pham déu c6 thé d& dang trién khai trén ma tran danh gia mé rong theo
h6 so san pham [47][13]. Do tinh chat thua thét cia ma tran danh gia ban dau lam
cho ma trin danh gia m& rong theo hd so san pham ciling thua thét. Chinh vi vay,
cac phuong phap tu van dua vao (3.19) déu cho lai két qua khong cao. Van dé nay
s& duoc giai quyét trong Muc 3.3.4.

3.3.2. M& hinh hoc két hop theo ngudi ding

Mo hinh hoc két hop theo ngudi dung phat trién tir mé hinh hoc theo nguoi
dung cho loc cong tac dé xuét trong Muc 3.2.3.1.

Pé han ché anh huong cua van dé dit liéu thua, véi mdi nguoi dung u; € U
tac gia xay dung tap sinh S; duoc dinh nghia theo (3.20) dé giam sat viéc tinh toan
muc do twong ty gitta cac cap nguoi dung. Trong do, P; dugc xéac dinh theo (3.12),
C; dugc xac dinh theo (3.21).

Ss={weU:|PnP|=0va|C;nC|=0,} (3.20)

Ci = {CS € C:ris * 0} (321)

S; dugc xac dinh theo (3.20) la tap nguoi dung u; € U ¢6 s6 lugng danh gia
giao nhau véi nguoi dung u; it nhat 1a 6, san pham va s luong cac dic trung san
pham giao nhau it nhat 1a €,. Hai hang s6 nguyén duong 6, va 6, dugc chon di 16n

trong tap dit liéu hudn luyén dé S; khong con 1 tip dit liéu thua. Dua vao S; va do
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tuong quan Pearson [114][14], mic d0 twong tu gilra cac cap nguoi dung cua loc
cong tac dugc xac dinh theo cong thiure (3.22), mure dJ tuong tu gilta cac cdp nguoi
dung cua loc ndi dung dugc xac dinh theo cong thirc (3.23), muc do tuong tu gilra

cac cap ngudi ding cia loc két hop duge xac dinh theo cong thic (3.24).

( 0 , néu Uj & S; (322)
ap: iy =TTy — 17
aij — { prEPlnP]( Ix l)( Jjx ]) ,né'u uj c Si
— _\2
k\/prePinPj(rix —7)? \/prepinPj(U'x - 7})
( 0 , né'u u]' Z Si (323)

b = { checincj(ris - 7'1)(7}5 - 7})
ij —
o) 2
k\/ZCSECiﬂCj(riS - rl)z \/ZCSECiﬂCj(er - 7})
( preHinHj(rix -7) (nx - 7=}) (3.24)

\/prEHiﬂHj(rix - ?1)2 \/prEHiﬂHj(rix - 1?1)2

(né’uuj €S;vaa;; =aab; = )

,néu u; € §;

\ 0 (trong cac trwong hop khac)
Trong do, P; dugc xac dinh theo (3.12), C; dugc xac dinh theo cong thire (3.21);
H;, 7, ,#, 7, dugc xac dinh tudn ty theo (3.25), (3.26), (3.27), (3.28).

- 1 (3.26)
prPiﬂPj
1 (3.27)
|Ci n le CsECiNC;
_ 1 (3.28)
Ty DI
L J Px€H;NH

RG rang, a;; dugc xac dinh trén S; theo (3.22) chinh xac hon so véi a;; duoc xac
dinh trén toan bo tap ngudi dung U trong tap dir liéu hudn luyén vi S; chiéu 1én cac

cot san pham khong phai 1a tap dir liéu thua. Gid tri b; ; dugc xac dinh trén §; theo
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(3.23) chinh xac hon so v6i b;; dugc xéac dinh trén toan bo dic trung sin pham C vi
S; chiéu 1én cac cot dic trung san pham ciing khong phai 13 tap dir liéu thua. Gia tri
u;; dugc xdc dinh theo (3.24) tin cay hon so v&i u;; xac dinh trén toan b tdp nguoi
ding vi S; khong phai 12 tap dit liéu thua trén toan bd P U €. Hon thé nita, hai nguoi
dung u;, u; c6 mirc d6 twong tu theo danh gid nguoi dung va tuong ty theo hé so
nguoi dung phai vuot qua mot ngudng o nao d6. Ngudng « dugc xac dinh thong
qua kiém nghiém. Trong thuc nghiém tac gia chon o = 0.9 dé c6 duoc két qua tot

nhat.

Sau khi xac dinh dugc mirc do tuong ty gilra cac cap nguoi dung, tac gia xay
dung tap lang giéng cho ngudi dung u; € U theo cong thirc (3.29). Phuong phap du
doan cac san pham moi p, € P chua dugc nguoi ding u; biét dén duoc thyc hién

theo cong thue (3.30) [15][10].

K = {w € S uy; > af (3.29)
— ZquKi(rjx -7 )uij (3.30)
Tie =T +
ZquKi|uij|

Nhirng san phdm méi p, € P ¢6 gid tri du doan 7y, theo (3.30) 1a nhitng du doan
tin cay duoc bo sung vao ma tran danh gid mé rong theo ho so san pham.
3.3.3. M0 hinh hoc két hop theo san pham

M0 hinh hoc két hop theo san pham phat trién tir md hinh hoc theo san pham
cho loc cong tac bang phuong phap dong huin luyén dé xuit trong Muc 3.3.2.

Tuong ty nhu nguoi ding, véi mdi san pham p, € P tac gia xdy dung tap S,
dugc dinh nghia theo cong thic (3.31) dé giam sat viéc tinh toan muc do twong ty
giita cac cdp san pham. Trong do, U, duogc xac dinh theo cong thuc (3.16), T, duoc
xac dinh theo cong thuce (3.32).

Sy ={py €P:|U, nU,| = yva|T nT,| = y,} (3.31)
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T, = {t, € T: 7, # 0} (3.32)

S, duoc xac dinh theo (3.31) 1a tp san phdm py € P ¢6 s6 lwong nguoi dung
danh gia giao nhau voi san pham p, it nhét 1a y, va sO luong cac dic trung ngudi
dung giao nhau it nhét 1a 7,- Hai hing s6 nguyén duong ¥, va y, duoc chon du 16n
trong tap dit liéu huan luyén dé S, khong con 1a tap dir lidu thua. Dua vao S, va do
tuong quan Pearson, murc do twong tu giita cac cip san pham cua loc cong tac dugc
xéac dinh theo cong thirc (3.33), muc d6 tuong ty giita cic cip san pham cua loc ndi
dung dugc xac dinh theo cong thirc (3.34), mirc do twong ty giita cac cip san pham

cuia loc két hop dugc xac dinh theo cong thire (3.35).

I{ 0 ,néup, €S, (3.33)
. Tix — B\ Tiy — 1y
axy — 4' ZuleanUy( lx x)( Ly y) ,né'u py € Sx
_ N2
k\/ZuieanUy(rix - rx)z \/ZuiEUxﬂUy(riy o rJ/)
( 0 ,néupy, S, (3.34)
bxy _ { theTany(qu - rx)(rqy - Ty) néu p, €5,
e\ 2 ) 2
k\/theTany(qu - Tx) \/thETany(Tqy o Ty)
( ZuiEHany(rix — ) (riy - 7?/) (3.35)

A

— —\2
\/ZuieHany(rix - rx)z \/ZuiEHany(riy - TJ/)

(néu Dy € Sy Vaay, = avab,, = @)
\ 0 (trong cac trwong hop khac)

Pxy =

Trong d6, U, dugc xac dinh theo cong thic (3.16), T, dugc xac dinh theo cong
thae (3.32), Hy, 7o , 1, Ty dugc xac dinh theo cong thirc (3.36), (3.37), (3.38),
(3.39), theo thtr tu.

H,=U,UT, (3.36)
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_— 1 Z . (3.37)
TN Uyl i€UxNUy, l

o _ 1 z . (3.38)
AT L

= 1 Z . (3.39)
T Hen Hy i€HxNH,y l

RG rang, a,, dugc xac dinh trén S, theo (3.33) chinh xdc hon so véi a,, duoc
xéac dinh trén toan bo tap san pham P trong tip dir liéu hudn luyén vi S, chon trén
cac hang nguoi dung khong phai la tap dix lieu thua. Gia tri by, dugc xac dinh trén
S, theo (3.34) chinh x4c hon so v6i by, duoc xac dinh trén toan bo tap dic trung
ngudi dung T vi S, chon trén cac hang dac trung nguoi dung cling khong phai 1a tap
dit liéu thua. Gia tri p,, dugc xdc dinh theo (3.35) tin cay hon so vé6i p,,, xdc dinh
trén toan bo tap san pham va dic trung nguoi dung vi S, khéng phai la tap dit lidu
thua trén toan bd U U T. Hon thé nita, hai san pham p,, py cO mirc do twong tu theo
danh gia san pham va tuong tu theo hd so san pham phai vuot qua mot ngudng o
nao d6. Ngudng o duoc xac dinh thong qua kiém nghiém. Trong thuc nghiém tac

gia chon o = 0.9 dé c6 dugc két qua tot nhat.

Sau khi xac dinh dugc mirc do twong tu gitra cac cap san phém, tac gia xay dung
tap lang giéng cho san phim p, € P theo cong thirc (3.40). Phuong phap du doan
mitc d6 phu hop ctia ngudi dung u; € U d6i v6i san pham p, € P duoc thuc hién

theo cong thure (3.41) [13][10].

K, = {y € Syl Dxy > a} (3.40)
Zyel(x pxyriy (3-41)
T =< 1. |
ZYEKx|pXJ/|

Gia tri du doan 1y, theo (3.41) phan anh muc d6 phu hgp cua nguoi dung u; € U
d6i v6i san pham p, € P duoc bd sung vao ma tran ddnh gid md rong theo hd so
nguoi dung.

3.3.4. M& hinh ddng huén luyén cho loc két hep
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Trong muc ndy, luin 4n dua ra d& xuat mot phuong phap loc két hop méi bang
mo hinh d6ng huan luyén. M6 hinh dong huan luyén dé xuat cho loc két hop phat

trién tir md hinh ddng huin luyén cho loc cong tac trinh bay trong Muc 3.2.3.

Theo d6, mo hinh déng huin luyén cho loc két hop dé xuét s& hoc cac mau dit
lidu doc 1ap khi quan sét theo ngudi dung va theo san pham dé gan nhan cho cac
mau dir liéu chua biét, trong trudng hop nay 1a du doan danh gid cua ngudi dung
v6i san pham méi. Khi quan sat dir lidu theo nguoi dung, mo hinh déng huén luyén
thuc hién hoc ban giam sat theo cic danh gia nguoi ding véi san pham va tap dic
trung san pham, diéu nay cho phép ta phét hién nhitng san pham méi phit hop nhat
d6i voi mdi nguoi dung. Khi quan sat dir liéu theo san phdm, mé hinh dong huin
luyén thyuc hién hoc ban giam séat theo cac danh gia san pham boi nguoi dung va tap
dic trung ngudi dung, diéu nay cho phép ta phat hién nhitng nguoi dung méi phu
hop nhét d6i véi mbi san pham. Hai qua trinh hoc nay duoc lap lai luan phién gitta
2 co ché quan sat dir liéu theo ngudi dung va theo san pham dén khi thoa man diéu
kién cac mau dir liéu déu dugc gan nhan hodc sd vong lap dat dén ngudng xac dinh.
Tir d6 phuong phap dé xuit gop phan giai quyét anh huong cua van dé dit liéu thua

cua ma tran danh gia. Thuat todn dugc mo ta chi tiét nhu trong Thuat toan 3.4.

Piu vao:
- Matran R = {r;, } dwoc xdc dinh theo cong thic (3.9).
- Matran C = {c,} duwoc xac dinh theo cong thuc (3.10).
- Matran T = {t;,} duoc xac dinh theo cong thuc (3.11).
- Nguwoi dung u, € U la nguwoi dung hién thoi can duwoc tw van.
- K 1a'sé lieong san pham can tw vdn cho nguwoi ding hién thoi.
- tpae 1256 vONg lap gisi han.

PAu ra : Danh sach K san pham dwoc tw van t6i nguoi dimg hién thoi u,.
Cic buéc tién hanh:
Begin
Budc 1( Khéi tao):
t «0;//khdi tao s6 buée Idp ban dau la 0
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RO ={rO=r i=12.,Nx=12.,M};
Budc 2 (Budc lap):
Repeat
2.1. Tang budc lap : tet + 1;
2.2. Huén luyén két hop theo ngudi dung
a) Xdc dinh trong sé cdc déc trung ndi dung san pham W(t)tai vong lap the

is
t theo cong thurc (3.14).
®)

. taivong lap thir t

b) M6 réng ma trdn ddnh gid theo hé so nguoi ding T
theo cong thirc (3.15).
¢) Xdac dinh Si(t) theo cong thirc (3.20).
] . . ,
d) Tinh toan u;; theo cong thirc (3.24).
e) Xac dinh Ki(t) theo cong thirc (3.29).
f) Du doan gia tri Tiit) theo cong thire (3.30).
2.3. Huén luyén két hop theo san pham

a) Xdc dinh trong so cdc ddc trung néi dung nguwoi dimg vcg,tc) tai vong lap

thir t theo cong thire (3.18).

) . ,
1, theo cong thirc

b) M réng ma trdn danh gid theo hé so sin pham
(3.19).
¢) Xéc dinh S theo cong thire (3.31).
d) Tinh toan p.) theo cong thikc (3.35).
e) Xac dinh K,gt) theo cong thirc (3.40).
f) Du dodn gia tri ﬁgct) theo cong thirc (3.41).
until (r” = 77Y) hodic (t = tpax))
Buwéc 3 (sinh ra tw van):
<Sdp xép cdc san pham theo thir tw giam dan cia rig)>;
<Chon K san pham p, € P dau tién tw vdan cho nguoi ding ug>;
End.

Thuat toan 3.4. Thuat toan CoTraining —HybridFiltering
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Tai budc (2.1), qué trinh huin luyén két hop theo nguoi dung s& thuc hién hoc
ban giam sat theo cac danh gia ngudi ding véi san pham va tap dic trung san pham,
dugc thue hién tuln tu theo cac bude (2.1.a), (2.1.b), (2.1.c), (2.1.d), (2.1.e), (2.1.).

Tai budc (2.1.a) ta xac dinh duoc Wi(st) phan anh quan diém cua tdp ngudi ding

u; € U dbi v6i san pham ¢, € C cua vong lap thi (t) theo cong thirc (3.14). Sir dung

®
Wis ’

tai budc (2.1.b) ta xdy dung dugc ma tran danh gia mo rong theo hd so nguoi
ding caa vong lap thir (t) theo cong thirc (3.15). Dya vao két qua cta bude (2.1.b),
tai budc (2.1.c) ta xac dinh dugc tap S 1a tap dit ligu khong thua déi voi nguoi
diing w; € U cua vong lap thir (¢) theo cong thire (3.20). Str dung S, bude (2.1.d)
ta xac dinh dugc uf]t) la mirc d§ twong tu gitra cac cdp nguoi dung u;, u; € U trén ca
tap danh gid ctua nguoi dung véi san pham va tap dic trung ngudi ding cia vong

)

ldp thir (t) theo cong thirc (3.24). Sau khi tinh toan duoc u; ;- tai budce (2.1.e) ta xac

dinh duogc Ki(t) 1a tap lang giéng cua ngudi dung u; cta vong lap tha (t) theo cong
thire (3.29). Cudi cung, tai budc (2.1.f) ta du doan duoc gia tri rl.gf) phan anh muc do
phu hop ctia nguoi ding u; € U dbi véi san pham p, € P tai vong lap tht (¢). Cac
gia tri ri;t) du doan dugc tai vong lap tha (t) s€ duoc cap nhat lai trong ma tran
danh gia mé rong R® va chuyén giao cho qué trinh huén luyén két hop theo san

pham.

Tai bude (2.2), qua trinh huin luyén két hop theo san pham s& thue hién hoc ban
giam sat theo cac danh gia san pham béi ngudi dung va tap dic trung ngudi dung,
duoc thuc hién tuan tu theo cac bude (2.2.a), (2.2.b), (2.2.¢), (2.2.d), (2.2.¢), (2.2.1).

®

g+ bhan anh quan diém cua tap ngudi dung co

Tai bude (2.2.a) ta xac dinh dugc v
ddc trung ndi dung ¢, € T doi v6i san pham p, € P ctia vong I3p thix (¢) theo cong
thtre (3.18). Str dung vcg? , tai bude (2.2.b) ta xdy dung dugc ma tran danh gia mo

rong theo hd so san pham cuaa vong lap the (t) theo cong thire (3.19). Dua vao két

qua cua budce (2.2.b), tai budc (2.2.c) ta xac dinh duoc tap S,Et) 1a tap dir liéu khong
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thwa d6i v6i san phim p, € P cua vong lap thir (t) theo cong thic (3.31). Str dung
S,Et), budc (2.2.d) ta xac dinh duoc pg,) la mic do tuong tu gilta cac cdp san phém
Dx» Py € P trén ca tap danh gia cla nguoi dung va dic trung nguoi dung véi san

®

pham tai vong lap thtr (t) theo cong thirc (3.35). Sau khi tinh todn dugc Dxy

tai

budce (2.2.e) ta xac dinh dugc K,gt) 1a tap lang giéng cua san pham p, tai vong lap
thi (¢) theo cong thirc (3.40). Cudi cung, tai bude (2.2.f) ta du doan duoc gia tri rl.gf)
phan 4nh muc d6 phu hop cua nguoi dung u; € U dbi véi san phim p, € P tai vong
lap thr (t). Cac gia tri rigf) du doan dugc tai vong lap tha (t) s€ dugc cap nhat lai
trong ma tran danh gia mé rong R® va chuyén giao cho qua trinh huan luyén két

hop theo ngudi dung tai budc 1ap tiép theo cua thuat toan.

Tai budc (2.3), sé lugng vong lap (t) duoc tang 1én 1 don vi va thuat toan tiép
tuc 1ap lai qua trinh dong huan luyén tiép theo. Thuat toan s& hoi tu tai vong lap tha

S) = ug_l) va pg,) = pg,_l) . Tai budc 3 cua thuat toan, qua trinh tao nén

(t)co u
tu van duogc thuc hién don gian bang cach sip xép theo th ty giam dan cac gia tri

®

~ » sau do chon K sin pham p, € P co gia tri rig) 16n nhét tu van cho

du doén

nguoi dung hién thoi.
3.4. Thuc nghiém va két qua

No6i dung phan ndy trinh bay danh gia hiéu qua vé do chinh xac ctua phuong
phap dé xuat trong su so sanh voi cac phuong phap tu van co sd. C6 hai dé xuét
duogc trinh bay trong chuong nay: 1) Dé xuit phuong phap loc cong tac biang dong
huén luyén; 2) D& xuit phuong phap loc két hop bang déng huin luyén, trong d6
phuong phap loc két hop phat trién tir phwong phap loc cong tac dé xuat. Do vay dé
tuong minh két qua, ndi dung thyc nghiém s& dugc chia thanh 2 phﬁn: Muc 3.4.1
trinh bay noi dung thuc nghiém va danh gia két qua ctia phuong phap loc cong tac
bang ddng huin luyén va Muc 3.4.2 trinh bay noi dung thuc nghiém va danh gia két
qua ctia phwong phép loc két hop bang dong huan luyén
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3.4.1. Thuc nghiém va két qua ciia phwong phap loc cong tac bing dong huan
luyén
3.4.1.1. Dirliéu thuc nghiém
Thuat toan loc cong tac dugc thuc nghiém trén cac bo dir licu MovieLens ctua
nhém nghién ctru GroupLens thudc truong dai hoc Minnesota. Bo dir liéu thir nhat
MovieLens-100K bao gém 100.000 danh gia ciia 943 nguoi dung cho 1682 phim.
Gia tri danh gia dugc thyuc hién tur 1 dén 5. Mtrc do thua thét dir liu danh gia la
93.7%. B dit liéu tha hai MovieLens-1M bao gom 1000.000 danh gia ctia 6000
ngudi dung cho 4000 phim. Bo dir liéu thir ba MovieLens-10M bao gdm
10.000.000 danh gia cua 72000 nguoi dung Vv6éi  10.000 bd phim
(http://www.grouplens.org/).
3.4.1.2. Cai dat thuc nghiém
Do do danh gia
Hai nhiém vu chinh cta hé tu van 1a du doan danh gia va tu van danh sach ngén
cac san pham cho ngudi dung hién thoi. Bé danh gia hiéu qua cua danh gia du doan,
cac do do thuong duoc st dung 12 MAE, RMSE, MPE. Bé danh gia hiéu qua tu van
danh sach san pham, cac do do dién hinh dugc st dung 1 Precision@N,
Recall@N va MAP@N. Trong hai huéng danh gia nhu vay, trong chuong nay luan
an tap trung vao nhom do do danh gia dy doan cho bai toan tu van dé danh gia hiéu
quéa ctia phuong phap dé xuat trong sy so sanh véi cac phuong phép loc cong tac co
s6. Trong d6, do do dugc sir dung phé bién dé thuc nghiém la MAE, RMSE, chi tiét
vé cac d6 do nay duoc trinh bay trong Muc 1.6.2 cua luan &n. Gié tri MAE, RMSE

cang nho thé hi¢n thudt toan tu van c6 do chinh xac cang cao.

Phuwong phap thuc nghiém

Pé danh gia do chinh xac cua danh sach san pham tu van, tac gia sir dung ly
thuyét vé phuwong phap danh gia hé théng duoc trinh bay trong Muc 1.6.1 cua luin
an. Trong d6, viéc phan chia tap dir liéu U thanh 2 tap Uyin VA Uges dugce thue hién

nhu sau: Lan lwot chon nglu nhién 200, 400, va 600 ngudi dung trong tap
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MovieLens-100K l1am dit liéu hun luyén, 200 nguoi dung dugc lua chon ngiu
nhién trong sb con lai dé 1am tap kiém tra. Chon ngiu nhién 1000, 2000, va 3000
ngudi ding trong tdp MovieLens-1M lam dir liéu huén luyén, 1000 ngudi ding
duoc lua chon ngﬁu nhién trong s6 con lai dé lam tap kiém tra. Chon ngﬁu nhién
10000, 20000, va 40000 ngudi dung trong tap MovieLens-10M 1am dit liéu hudn
luyén, 10000 ngudi dung dugc lua chon ngdu nhién trong sé con lai dé lam tap

kiém tra.

Pé thuc nghiém kha ning ciia phuong phap médi dé xuat so v6i nhitng phuong
phap khac trong truong hop co it dit liéu, tac gia thay doi sd luong danh gia ctia mdi
ngudi ding trong tap kiém tra sao cho sé lwong dénh gia da biét lan luot 12 5, 10 va
20, phan con lai 1a nhitng danh gia can dy doan. Chon = 0.8 va y = 4,7,14 ung
v6i cac tap dir liéu kiém tra biét trude 5, 10, 20 danh gia. Piéu nay c6 nghia, viéc
tinh toan muc do tuong tu gitta cac cip ngudi dung hodc cac cip san pham chi thyuc
hién trén cc cip ngudi dung hoic san phdm giao nhau trén 2/3 san pham hoic
nguodi dung cing danh gia. Tap lang giéng gitta cac cip ngudi ding hodc san phim
chi duoc 1y trén tap sinh c6 muc do twong tu 13 0.8 (rdt gidng nhau). S6 bude lip
gidi han cho cac phuong phap dong huan luyén tuong Gng 13 48, 53, 55 v6i lan luot
3 tap dir liéu thuc nghiém, nhdm dam bao cic mau dir liéu chua c6 nhin gﬁn nhu

dugc gan nhin day du.

Cac phuong phap lgoc cong tac dwgc sir dung trong thyc nghiém
- Phirong phap UserBased: st dung do tuong quan Pearson [10][15]. Day la
phuong phap loc cong tac theo by nhd dua vao nguoi dung da dugce trinh bay

trong Muc 1.5.1.1.

- Phurong phép ltemBased: sir dung d tuong quan Pearson [10][13]. Pay la
phuong phap loc cong tac dua trén san phdm da dugc trinh bay trong Muc
1.5.1.1.

- Phirong phdp CoTraining-Userltem: dé xuat trong Muc 3.3.3.1 cua luan 4n.

- Phirong phdp CoTraining-ltemUser: dé xuat trong Muyc 3.3.3.2 ctia luan 4n.
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Dé thue nghiém cac phuong phap nay, tac gia st dung may tinh c6 cdu hinh:
Intel Core i7-3770 CPU va 8GB RAM. Céc thuit toan tu van co s& di c¢6 duoc thuc
nghiém dwa vao bo thu vién CARSKIT [103], cac thudt toan tu van dé xuat do tac
gia tu cai dit va thuc nghiém theo cung chién luge thuc nghiém véi phuong phap
co s0. Vi¢éc thuc nghiém duogc thuc hién 10 lan va léy trung binh két qua thuc

nghi¢m.

3.4.1.3. Két qua kiém nghiém

Két qua kiém nghiém dua ra trong Bang 3.11, Bang 3.12, va Bang 3.13 cho
thiy sai s6 MAE, RMSE cua ca hai phuong phap loc cong tac bang dong huin luyén
CoTraining-Userltem va CoTraining-ltemUser déu nhé hon UserBased va
ltemBased truyén théng trén moi kich thudc dit liéu huan luyén va sé luong danh
gia cho trudc cua ngudi ding. Diéu d6 co thé khang dinh phwong phap dé xuat cai

thién dang ké chat luong du doan cho lgc cong tac, dac biét trong truong hop di

liéu thua.
Bang 3.11. Gia tri MAE, RMSE trén tap MovieLens-100K
MAE , RMSE
Kich S6 danh gia biét truge |SO danh gid bict trude
thudce tap .
~ 1in Phuong phap

dix 1igu 5 | 10 | 20
huan luyén 5 10 20

UserBased 0.732 | 0.711 | 0.645 | 0.934 | 0.908 | 0.824
200 nguoi |ItemBased 0.742 | 0.722 | 0.673 | 0.943 | 0.917 | 0.855

dung CoTraining-Userltem 0.621 | 0.594 | 0.512 | 0.789 | 0.754 | 0.651

CoTraining -lItemUser | 0.598 | 0.572 | 0.507 | 0.761 | 0.727 | 0.644

UserBased 0.694 | 0.675 | 0.644 | 0.885 | 0.862 |0.822

400 nguoi |ItemBased 0.711 | 0.697 | 0.653 | 0.904 | 0.886 |0.829

dung CoTraining -Userltem | 0.615 | 0.615 | 0.587 | 0.782 | 0.781 | 0.746

CoTraining -lItemUser | 0.607 | 0.607 | 0.517 | 0.771 | 0.769 | 0.657

UserBased 0.693 | 0.686 | 0.686 | 0.885 | 0.876 | 0.876

600 nguoi |ItemBased 0.697 | 0.687 | 0.687 | 0.886 | 0.873 | 0.873

dung CoTraining -Userltem | 0.548 | 0.519 | 0.511 | 0.696 | 0.659 |0.649

CoTraining -ItemUser | 0.534 | 0.524 | 0.514 | 0.679 | 0.666 |0.653
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Bang 3.12. Gia tri MAE, RMSE trén tap MovieLens-1M

Kich MAE i RMSE’
thudc tap Sé danh gia biét truge | SO danh gia biét trude
du licu Phuong phap
hun 5 | 10 ] 20 5 10 | 20
luyén
UserBased 0.792 | 0.779 | 0.764 | 0.960 | 0.945 | 0.927
100?' ItemBased 0.789 | 0.774 | 0.732 | 0.952 | 0.934 | 0.883
zﬁﬁgl CoTraining-Userltem | 0.764 | 0.752 | 0.716 | 0.922 | 0.906 | 0.864
CoTraining -ItemUser | 0.759 | 0.756 | 0.714 | 0.917 | 0.912 | 0.862
UserBased 0.734 | 0.725 | 0.663 | 0.889 | 0.879 | 0.803
200(‘)' ItemBased 0.731 | 0.739 | 0.657 | 0.883 | 0.892 | 0.792
zﬁﬁgl CoTraining -Useritem | 0.685 | 0.654 | 0.615 | 0.827 | 0.789 | 0.743
CoTraining -ItemUser | 0.667 | 0.647 | 0.607 | 0.805 | 0.779 | 0.733
UserBased 0.713 | 0.688 | 0.686 | 0.865 | 0.835 | 0.832
4009, ItemBased 0.719 | 0.675 | 0.618 | 0.868 | 0.815 | 0.746
zi:gl CoTraining -Userltem | 0.684 | 0.642 | 0.597 | 0.825 | 0.774 | 0.720
CoTraining -lItemUser | 0.667 | 0.631 | 0.598 | 0.806 | 0.761 | 0.721
Bang 3.13. Gia tri MAE, RMSE trén tap MovielLens-10M
Kich MAE i RMSE,
thudc tap Sb danh gia biét trugc | SO danh gia biét trude
dir liéu Phuong phap
hudn 5 10 20 5 10 | 20
luyén
UserBased 0.763 | 0.724 | 0.716 | 0.924 | 0.878 | 0.868
100(?9 ItemBased 0.788 | 0.729 | 0.723 | 0.951 | 0.879 | 0.873
25:;1 CoTraining-Userltem | 0.712 | 0.694 | 0.647 | 0.859 | 0.837 | 0.781
CoTraining -ItemUser | 0.708 | 0.674 | 0.653 | 0.856 | 0.813 | 0.788
UserBased 0.734 | 0.615 | 0.664 | 0.889 | 0.746 | 0.805
200(‘)(_) ItemBased 0.746 | 0.618 | 0.672 | 0.901 | 0.746 | 0.810
Eﬁzgl CoTraining -Userltem | 0.689 | 0.643 | 0.622 | 0.832 | 0.775 | 0.751
CoTraining -ltemUser | 0.681 | 0.667 | 0.619 | 0.822 | 0.802 | 0.747
UserBased 0.796 | 0.766 | 0.684 | 0.965 | 0.929 | 0.829
400(?(_) ItemBased 0.790 | 0.775 | 0.698 | 0.954 | 0.936 | 0.843
zﬁﬁgl CoTraining -Userltem | 0.688 | 0.669 | 0.616 | 0.831 | 0.807 | 0.743
CoTraining -ltemUser | 0.679 | 0.654 | 0.642 | 0.820 | 0.789 | 0.774
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Trong trudng hop dir liéu tuong d6i day du, cu thé 13 khi biét trude nhiéu danh
gid ciia ngudi dung trong tip kiém tra, phuwong phap CoTraining-Userltem va
CoTraining-ltemUser cho lai két qua twong dwong nhau. Tuy nhién, khi dir liéu it
di, cu thé 1a khi chi biét trudc 5 hodc 10 danh gia clia nguoi dung kiém tra thi trong
da sé truong hop, CoTraining-ltemUser cho sai s6 MAE, RMSE nho hon so véi
CoTraining-Userltem. Ly do chi yéu 1a do luc luong cua tip C, xac dinh theo (3.5)
16n hon lyc lwong cua tip S; xac dinh theo (3.1). Piéu nay cho phép du doan cac

nhin phén loai b6 sung vao qué trinh huan luyén theo ngudi ding tét hon.

3.4.2. Thuc nghiém va két qua ciia phwong phap loc két hep bang dong huan

luyén

3.4.2.1. Dirliéu thuc nghiém

Thuat toan déng huén luyén cho loc két hop duogc thuc nghiém trén bo dir liéu
MovieLens cua nhom nghién ctru GroupLens thudc truong dai hoc Minnesota. Tap
dit liéu MovieLens c6 ba lua chon véi kich thude khac nhau 1an luot 1a: MovieLens
100KB, MovieLens 1MB va MovieLens 10MB. Trong d6, tap dir liéu MovielLens
100KB 1a tap con cua tip MovieLens IMB. Tap dir liéu MovieLens 1MB cung cap
day du tap dic trung san pham va ngudi ding kém theo tap danh gid nguoi dung.
Tap dir licu MovieLens 10M tuy 16n nhung khéng cung cap tap dic trung ngudi
ding va tdp dic trung san pham. Chinh vi viy, tac gia st dung tap dir liéu
MovieLens 1M dé tién hanh thyc nghiém cho phuong phap dé xuat.

Tap di liéu MovieLens 1M gdém 1MB danh gia ctia 6000 ngudi dung cho 4000
phim. Gia tri danh gia dugc thyuc hién tu 1 dén 5. Mtrc do thua thét dir liu danh gia
1a 95.83%. Dit liéu cu thé duoc cung cip trong cac file sau:

eu.data: luu trir day dit IMB danh gia ctia 6040 nguoi dung cho 3952 phim. Mdi
nguoi dung danh gia it nhat 20 phim. Mdi hang déu c6 cing cau tric: user id |
item id | rating | timestamp.

eu.info: File luu sé luong ngudi dung, sé lwong san pham, s6 luong xép hang cua

tap di liéu. File u.item luu thong tin vé phim.
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eu.genre: File luu danh sach 18 thé loai phim khac nhau. Pay 13 tap dic trung noi
dung san pham dugc dung trong thuc nghiém phuong phap dé xuat. Ngoai ra,
ng voi mdi phim tach trong IMDB dé ldy tap dic trung nudc san xuat, hang
phim, dao dién, dién vién chinh dé 1am tap dic trung phim.
eu.user: File luu thong tin vé nhitng nguoi dung. Céc hang cé cau tric chung :
user id | age | gender | occupation | zip code. User id duoc sir dung trong tap dir
liéu u.data.
e u.occupation: File Iuu danh sach cac nghé nghiép. Pay la tap dic trung noi dung
ngudi ding duoc ding trong thuc nghiém phuong phap dé xuét.
3.4.2.2. Cai dat thuc nghiém
Do do danh gia
Pé danh gia hiéu qua vé do chinh xac ctia phuong phap dé xuat trong su so sanh
V6i cac phuong phap loc cong tic co so, do do sir dung dé kiém nghiém la
MAE,RMSE duoc trinh bay trong Muc 1.6.2 cta luan an. Ly do cho viéc lya chon
nay duoc ly luan tuong ty Muc 3.5.1.2. Gia tri MAE, RMSE cang nho thé hién thuat

todn tu van c6 dg chinh xac cang cao.

Phwong phap thuc nghiém

Pé danh gia d6 chinh xac cua danh sach san pham tu van, tic gia sir dung 1y
thuyét vé phuwong phap danh gia hé théng duoc trinh bay trong Muc 1.6.1 caa luin
an. Trong d0, viéc phan chia tap dir liéu U thanh 2 tdp Uiy V@ Uest droc thuc hién
nhu sau: Lay ngiu nhién 4000 nguoi dung trong tip MovieLens lam dit liéu huan
luyén. Chon ngau nhién 1000 ngudi dung trong s6 con lai dé 1am 4 tap dir liéu kiém
tra (testl.inp, test2.inp, test3.inp, test3.inp). Pbi vai mdi tap dir liéu kiém tra, tic gia
thuc hién loai bo ngau nhién cac danh gia sao cho s6 cac danh gia biét trude cua
mdi ngudi dung ddi voi san pham chi con lai 1a 5, 10, 15 va 20 danh gia. Tap
testl.inp, test2.inp, test3.inp c6 sd danh gia gia biét trudc lan luot cia mdi nguoi
dung 13 5, 10, 15 twong tng voi truong hop dit liéu hudn luyén thwa. Tap testd.inp

c6 s6 danh gia gia biét trudc 1a 20 twong Gng véi truong hop dir liéu huan luyén
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tuong dbi day du. Chon 6 = 4,8,12,15 tng véi mdi bo test theo thir tur dé xéac
dinh xac dinh wys, v,, theo cong thirc (3.14), (3.18). Chon 6, = 4,8,12,15 (cho
mdi tap dit liéu theo tht tu), 6, = 10 va «a = 0.9 (cho tit ca cac tap dit liéu kiém
tra) dé xac dinh S;, u;j, K; theo cong thuc (3.20), (3.24), (3.29), va Sy, Dxy, K, theo
cong thire (3.31), (3.35), (3.40).

Cac phwong phap tw vin dwgc siv dung trong thwe nghiém

- Phuong phép tu vin cong tac dwa vio ngudi ding st dung do twong quan

Pearson (ky hiéu la CF-UserBased) [15][10].

- Phuong phap tu vin cong tic dua vao san pham st dung do twong quan

Pearson (ky hi¢u la CF-ltemBased) [13][10].

- Phuong phap tu van noi dung dua vao hd so nguoi ding st dung do tuong

quan Pearson (ky hiéu la CBF-UserBased) [48].

- Phuong phép tu van nodi dung dua vao hd so san pham sir dung d6 tuong

quan Pearson (ky hi¢u la CBF-ltemBased) [41].

- Phuong phép tu van két hop dua vao ngudi dung va tap dic trung san pham
st dung do tuong quan Pearson (ky hi€u la Hybrid-UserBased). Pay la
phuong phap tu van két hop dwa vao do twong quan Pearson dugc dé xuét
theo cong thuc (3.24).

- Phuong phép tu van két hop dua theo san pham va tap dic trung ngudi dung
st dung d6 twong quan Pearson (ky hiéu la Hybrid-ltemBased). Pay la
phuong phap tu van két hop dwa vao do twong quan Pearson dugc dé xuat

theo cong thuc (3.35).
- Phuong phép loc két hop bang dong huan luyén dé xuat trong Muc 3.4.4 (Ky
hi¢u 1a CoTraining- HybridFiltering).
Dé thuc nghiém cac phuong phap ndy, tac gia st dung mdy tinh c6 cdu hinh:
Intel Core i7-3770 CPU va 8GB RAM. Céc thuat toan tu van theo ngir canh co s

d3 c6 duogc thue nghiém dua vao bo thu vién CARSKIT [103], cac thuit toan tu van
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dé xuét do tac gia tu cai dat va thuc nghiém theo cung chién luogc thue nghiém voi
phuong phap co s& va ding cung cac do do danh gia du doan phd bién (MAE,
RMSE) dé so sanh. Dé dam bao danh gia cong bang phuong phap dé& xuit so véi
cac phuong phép co so, tac gia thuc hién 10 lan va ldy trung binh két qua thuc
nghi¢m.

Céac phuong phap tu van co so dugc thuc nghiém véi cac gia tri tham s khac
nhau va lya chon két qua do chinh x4c tot nhat dé so sanh véi cac phuong phap dé
xudt boi luan an. Chi tiét vé mién gia tri cho cac tham sb cua cac phuong phép loc
cong tac va loc theo ndi dung co sé trinh bay trong nhirng cong trinh nghién ctru
lién quan dugc tham chiéu ¢ trén.
3.4.2.3. K&t qua kiém nghiém

Bang 3.14. Gia tri MAE, RMSE cila cac phuong phép tu van trén MovieLens-1M

MAE RMSE

Phuong phap S6 lugng danh gia biét trude | SO lwong danh gia biét trudc

5 10 15 20 5 10 15 20

CBF-UserBased 0.865]0.859| 0.855 | 0.835 | 1.049 |1.042| 1.029 | 1.013

CBF-ItemBased 0.8940.883| 0.875 | 0.845 | 1.085 |1.071| 1.054 | 1.025

CF-UserBased 0.82410.817| 0.821 | 0.813 | 0.999 |0.992| 0.988 | 0.986

CF-ItemBased 0.846|0.841| 0.836 | 0.815 | 1.021 |1.015| 0.998 | 0.984

Hybrid-UserBased |0.793|0.792| 0.791 | 0.702 | 0.957 |0.956 | 0.946 | 0.922

Hybrid-ItemBased |0.798|0.788| 0.782 | 0.695 | 0.963 |0.952| 0.935 | 0.928

CoTraining-

e 0.672|0.629| 0.617 | g5 | 0.811 [0.759| 0.738 | 0.707
HybridFiltering :

Két qua trong Bang 3.14 cho thiy phuong phéap tu van ndi dung dwa vao hd so
ngudi dung va hd so san pham cho lai gia tri MAE, RMSE 1én nhét so véi cac
phuong phap con lai. Phuong phép tu van cong tac dua vao danh gia nguoi dung va
danh gia san pham cho lai gia tri MAE, RMSE nho hon so v&i cac phuong phép tu
van theo ndi dung. Cu thé, ung véi sb luong danh gia biét trude trong tip kiém tra
la 5, 10, 15, 20, phuong phap CBF-UerBased va CBF-ltembased cho lai gia tri
MAE lan luot 1a 0.865, 0.859, 0.855, 0.835 va 0.894, 0.883, 0.876, 0.845 theo thir
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tu. Trong khi do, phuong phap CF-UserBased va CF-ItemBased cho lai gia tri
MAE lan luot 13 0.824, 0.817, 0.821, 0.813 va 0.846, 0.841, 0.836, 0.815 theo thir
tu. Nhan dinh tuong tu khi so sanh gia tri RMSE cua cac phuong phap. Két qua nay
hoan toan phu hop véi nhitng nghién ctru trude day [10][47][115].

Phuong phap Hybrid-UserBased cho lai gia tri MAE thap hon nhiéu so véi
phuong phap CBF-UserBased va CF-UserBased. Phuong phap Hybrid-ItemBased
cling cho lai gia tri MAE thap hon so véi phuong phap CBF-ltemBased va CF-
ltemBased. Diéu nay chi c6 thé 1y giai phwong phap tinh toan mirc do twong tu giira
cac cap nguoi dung dua vao tdp danh gia ngudi dung cing cac dic trung san pham
chinh xac hon so v&i phuong phép tinh todn muac dg tuong tu gilra cac cap nguoi
dung chi dya vao danh gia nguoi dung hodc hd so nguoi dung. Phuong phap tinh
toan murc do twong tu giira cac cdp san pham dua vao tip danh gia san pham cing
cac dac trung nguoi dung chinh xac hon so vdi phuong phap tinh toan mac do
tuong ty giita cac cdp san pham chi dya vao danh gia san phim hodc hd so san

pham.

Phuong phap CoTraining- HybridFiltering cho lai gia tri MAE, RMSE thap nhat
& tat ca cac mire do thua thét dit liéu khac nhau. Dic biét, véi tap dir licu kiém tra
c6 20 danh gia biét trudc, phuong phap cho lai gia tri MAE 1a 0.585 va RMSE la
0.707. Piéu nay c6 thé khing dinh phuwong phap xac dinh do tuong tu dya trén tap
khong thua ddi véi ngudi dung va san phim 13 hoan toan tin cdy. Phuong phap
dong huan luyén cho loc két hop dé xuét cho phép chuyén giao két qua du doan
gifta qua trinh hoc két hop theo nguoi dung va hoc két hop theo san pham dé han

ché hiéu qua van dé dir liéu thua cua cac phuong phap loc.

Dé danh gia vé muc do anh hudng cua viée tich hop thém dic trung ndi dung
vao phuong phap dong huin luyén cho loc két hop so véi phuong phap dong huin
luyén cho loc cong tac, ta quan sat két qua kiém nghiém cua phuwong phap
CoTraining- HybridFiltering trong bang 3.14 va CoTraining -Userltem trong bang
3.12 trong trudng hop sir dung cing 4000 ngudi dung 1am dit liéu huin luyén. Két
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qua MAE cua CoTraining —Userltem la 0.684, 0.642, 0.597, trong khi 46 MAE cuia
CoTraining- HybridFiltering 14 0.672, 0.629, 0.617, 0.585 véi lan lugt cac mirc do
thua thot 5, 10, 20 danh gia biét trude. Nhan dinh tuong tu khi so sanh gia tri
RMSE cua hai phuong phap nay. Diéu d6 chimg to d6 chinh xac du doan dénh gia
ctia phuong phap loc két hop duoc cai thién khi tich hop thém dic trung ndi dung
vao qué trinh dong huin luyén hon so véi phuong phap loc cong tic bang dong

huan luyén.

3.5. Két luin chwong 3

Chuong nay d trinh bay két qua nghién ctru cia lun 4n vé dé xuit mot phuong
phap loc két hop méi giita loc cong tac va loc ndi dung. Mo hinh két hop giira loc
cong tac va loc ndi dung duoc trinh bay trong chuong nay thuc hién dua trén viéc
hop nhét biéu dién cac gia tri didc trung ndi dung vao loc cong tac. Khi dé bai toan
tu van két hop duogc dich chuyén vé bai toan tu van cong tac. Sir dung hop nhat biéu
din cac gia tri dic trung ndi dung vao loc cong tac dé xay dung phuong phap du
doan cho loc két hop bang phuwong phip dong huin luyén. Loc két hop bang
phuong phap dong huin luyén dé xuét phat trién tir phwong phap loc cong tac bang
phuong phap dong huan luyén, day 1a mot phuong phap thudc hudng tiép can hoc
ban giam sat cho bai toan phan 16p. Trong d6, qua trinh huan luyén theo ngudi ding
b6 sung thém mot sé nhin phan loai chic chan cho qua trinh huin luyén theo san
pham. Nguoc lai, qua trinh huan luyén theo san pham b6 sung thém cac nhin phan
loai chic chian cho qua trinh huan luyén theo ngudi dung. Hai qua trinh huin luyén
thuc hién dong thoi cho phép bo sung cic nhin phan loai tin ciy theo mdi budc
thuc hién, nho vy cai thién do chinh xac du doan danh gia va tu van san pham phu
hop cho ngudi dung. Két qua thuc nghiém trén bo dit lidu thuc vé phim cho thay,
phuong phép dé xuat cho lai két qua du doan kha tot, dic biét trong truong hop dir

liéu thua.
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KET LUAN CHUNG
I.  Kétqua dat dwoc cia luan an

Luan an hudng toi mot chit dé c6 y nghia vé 1y thuyét va thuc tién cua khoa
hoc may tinh dugc cong déng nghién ciru quan tam, d6 1a nghién ctru phat trién mot

s6 phuong phéap xdy dung hé tu van.

1. V& mat ly thuyét, luan an tong két nhirng nghién ciru co ban va ma rong vé hé tu
van theo cac hudng tiép can khac nhau, kém theo nhitng van dé can tiép tuc
nghién ctiru va xu hudéng. Nhitng ly thuyét ndy vé co ban dua trén nhitng kién
thirc nén tang cua ly thuyét théng ké va hoc may. Trén co so nhitng kién thirc
nén tang, tac gia tap trung nghién ciru nang cao két qua dy doan san pham cho
nguoi dung trong truong hop dir liéu thua, cling nhu trong truong hop co ca dir
liéu s¢ thich ngudi dung, théng tin ndi dung ngudi dung, théng tin ndi dung san
pham va théng tin ngir canh sir dung san pham cua nguoi dung. Két qua luan &n
dua ra 2 dé xuat chinh: 1) Bé xuit mot phuong phap loc cong tac dya trén mo
hinh d6 thi cho hé tu van theo ngit canh; 2) Pé xuat mot phuong phap loc két

hop bang phuong phap dong huan luyén.

- V6i dé xuat chinh thir nhat, tac gia trinh bay phuong phap han ché anh huéng
cia van dé dir liéu thua cua loc cong tac dua trén mo hinh do thi, mé rong
cho phaét trién hé tu van theo ngit anh. Noi dung dé& xuét nay duogc trinh bay
chi tiét trong chuong 2, két qua dat duoc dugc tong hop tir nghién ciu da
cong bé trong [C1][C3][C7][C4][J2] cua tac gia.

- V&i d& xuét chinh thtr hai, tc gia trinh bay phuong phap két hop giita loc
cong tac va loc ndi dung bang phuong phap dong huan luyén. Pay 1a mot
phuong phap thudc huéng tiép can hoc ban gidm sat cho bai toan phan I6p
cho phép giai quyét van d¢é it dix liéu huan luyén bang céch chuyén giao két
qua huan luyén qua lai khi quan sét theo ngudi dung va theo san pham, nho
vay cai thién do chinh xac dy doan danh gia va tu van san pham phd hop cho

ngudi ding. Noi dung dé xuat nay duoc trinh bay chi tiét trong chuong 3, két
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qua dat duoc dugc tong hop tir nghién cou di céng bd trong
[C2][C5][C6][J1] cua tac gia.

2. V& mat thuc tién, két qua caa luan an di duoc thuc nghiém trén cac bo dit liéu
thuc trong cac kich ban khac nhau, két qua thuc nghiém cua phuong phap dé
xuat duoc danh gia 1a c6 d6 chinh xac tét hon cac phuong phap co so trong da
s6 truong hop, dong thoi don gian trong cai dat dé trien khai cac hé tu van thuc
té. Pay la s¢ ct cho thay c6 thé ap dung két qua nghién ctru cua dé tai trong viéc
trién khai cac hé théng tu van thong tin ca nhan hoa toi nguoi ding ¢ da dang

cac linh vuc.
Il. Han ché va hwéng phat trién cia luan an

1. Han ché
Mic du cac dé xuit dugc dua ra boi luan an giai quyét kha tot van dé dir liéu
danh gia thua. Tuy nhién van con ton tai mot sd han ché nhat dinh chua duge giai
quyét trong cac dé xuat néu ra boi luan an, do 1a:
- VAn dé s¢ thich ctua nguoi ding véi san pham thay d6i cap nhat thuong xuyén
theo thoi gian.

- Vén d& ngudi ding méi tham gia vao hé thong tu van.

2. Huéng phat trién
Mot sb hudng nghién ctru tac gid dy dinh thuc hién thoi gian téi nhu sau:

- Nghién ctru phét trién mé hinh hoc may mai cho hé tu van theo hudng két hop
thong tin ndi dung vé dic trung san pham va ngudi dung trong hé tu van theo
ngt canh.

- Nghién ctu phat trién phuong phap ddng huan luyén cho loc cong tac va loc
két hop theo hudng mé rong nhiéu co ché quan sat dit liéu phi hop véi ting
bo dir liéu thyc té. Pong thoi xem xét tich hop nhitng md hinh phan 16p tién

tién dé hoc dit liéu.
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- Ngoai ra, cac van dé chwa duogc giai quyét trong luan an nhu van dé nguoi
ding méi, sé thich ciia ngudi ding véi san pham thay doi theo thoi gian ciing
sé duoc tap trung nghién ctru trong thoi gian tai. Bén canh do, tac gia ciing du
dinh nghién ctru cac phuong phap hoc dya trén vung quan tdm (Attention-
based) dé giai quyét bai toan loc cong tac va loc két hop nham nang cao chit

lwong trong hé tu van thuc té.
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